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PREFACE. 


The  scheme  of  the  present  work  has  been  to  collect 
together  a  seriea  of  representative  facta  relating  to  the 
production  and  utilisation  of  light  for  public  use,  whether 
by  means  of  coal  gas  or  electricity,  In  such  a  connection 
auxiliary  methods,  Much  as  the  use  of  acetylene  and 
petroleuni,  coukl  not  be  passed  over,  and  therefore  are 
includecl.  It  would  have  been  impossible  to  comprise 
full  details  of  all  adjuncts  relating  to  these  several 
subjects  within  the  comp£Uis  of  a  volume  of  the  present 
tilse,  and  therefore  iiiudi  inU.'reating  matter  hiw  necessarily 
been  left  out,  but  it  is  hoped  that  the  essential  features 
have  been  indicated  with  aiiMcient  clearness.  The 
reader  who  desires  to  follow  the  vaiious  processes 
involved  in  the  production  of  either  coal  gas  or  electridty, 
after  reading  the  introductorj'  accounts  herein  given, 
will  dmibtlesa  continue  their  study  in  the  more  strictly 
technical  text-books.  The  accounts  given  of  the  results 
of  actual  working  operations  will,  it  is  belie\"ed,  be  of  no 
little  interest,  particularly  the  full  information  afforded  in 
the  valuable  reports  by  Mr.  Bellamy,  City  Lighting 
Engineer  of  Liveii^ool,  whose  work  in  this  direction  has 
deservedly  gained  the  approbation  of  all  those  who  have 
followed  its  progiess.  Probably  in  no  other  town  haa 
public  lighting  been  more  successfully  and  economically 
studieil  and  caiTied  into  effect,     The  paiiicular^i  relating  to 
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the  progress  which  has  been  made  in  the  production  and 
utilisation  of  electricity  is  well  exemplified  in  the  case  of 
Bristol,  where  the  important  factor  of  the  "  day-load  "  has 
received  much  attention,  resulting  in  a  striking  success. 
A  feature  of  the  present  work  which  will,  it  is  hoped,  be 
of  much  assistance  to  those  having  charge  of  public  lighting 
is  the  valuable  series  of  tables,  giving  full  particulars  of 
the  systems  employed  in  a  large  number  of  representative 
towns  both  in  America  and  England.  The  author  has 
to  express  his  sincere  thanks  to  the  various  authorities 
referred  to,  who  have  in  every  case  kindly  revised  the 
proof  sheets,  thereby  bringing  them  up  to  date  and 
ensuring  their  correctness.  Sincere  thanks  are  due  to 
those  gentlemen  who  have  kindly  supplied  illustrations 
for  the  work  and  assisted  with  much  valuable  information, 
particularly  to  Mr.  G.  E.  Moore,  M.  Inst.  Mech.  E.,  Mr.  T. 
Glover,  Mr.  T.  Fairley,  Mr.  H.  Leicester  Grevillu,  Mr. 
W.  Sugg,  Mr.  I'rotter,  Mr.  Bellamy,  Mr.  MacKean,  Mr. 
Hammond,  The  Brush  Electrical  Engineering  Company, 
Mr.  H.  TP'araday  Proctor,  Messrs.  Siemens  Bros.,  The 
General  Electric  Company,  Mr.  F.  H.  Medhurst,  Mr.  W.  C. 
Hawtayne,  Mr.  H.  Collings  Bishop,  Mr.  H.  E.  Baker, 
the  Editors  of  Tlie  Electrical  Revieiu,  The  Electrical 
EngiTieeVy  The  Journal  of  Oas  Liyhtiny,  the  Society  of 
Chemical  Industry,  the  Council  of  the  Institution  of 
Civil  Engineers,  and  many  others,  for  which  due 
acknowledgment  is  given  under  the  respective  headings. 
The  author  also  desires  to  acknowledge  the  valuable 
services  of  his  chief  assistant,  Mr.  R.  G.  Grimwood,  F.I.C., 
ic,  in  connection  with  the  correction  of  proofs,  &c. 
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INTRODUCTION. 

Amongst  the  more  important  scientific  discoveries  which 
ripened  during  tlie  past  century  into  active  agents 
for  the  daily  benefit  of  man,  artificial  illumination  by  gas 
and  electricity  necessarily  takes  its  place,  being  one  of  the 
chief  factors  in  our  modern  civilisation.  Not  only  has  it 
assisted  in  prolonging  the  hours  of  both  work  and  p]easur(\ 
but  it  is  also  one  of  the  chief  ajjents  in  diminislnnc:  crinio 
in  our  crowded  cities.  It  is  a  well-known  fact  that  where 
stieets  and  places  of  public  resort  are  thoroughly  well  illumi- 
nate<l  crime  becomes  a  vanishing  quantity. 

Light  is  a  form  of  energy  produced  by  either  chemical  or 
mechanical  processes,  and  may  consequently  be  derived 
from  natural  sources  of  energy,  such  as  a  waterfall,  or  by 
the  combustion,  ie.y  combination  with  oxygen,  of  "  fuel  ** 
either  in  the  cells  of  a  voltaic  batterj'  or  in  a  furnace.  It 
matters  not  whether  this  fuel  be  metal  in  the  former,  or 
coal  or  wood  in  the  latter  instance.  The  energy  developed 
on  being  converted  into  the  electric  current  is  capable  of 
pnxlueing  light  by  passing  between  carbon  points,  or  l)y 
heating  to  a  state  of  incandescence  solid  bodies  such  as 
carbon,  platinum,  &c. 

The  first  to  produce  the  electric  arc  light  was  Sir 
Humphry  Davy,  who,  in  1810,  showed  that  when  a  batterj- 
of  2000  plates  was  connected  by  wires  to  charcoal  points, 
bright  sparks  were  emitted  on  those  points  lieing  brought 
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into  contiift.  Oil  tliLse  points  lH.'ii»jf  slowly  willnirawn 
from  L'neli  otliiT,  constnot  pa^sago  of  tin?  electiic 
current  took  place,  with  the  result  that  a  brilliant 
electric  are  light  was  obtained.  This  t^tartliu*;  roaiilt 
was  ininieJiately  closely  investigated  by  the  great 
chemist,  who  found  that  minute  fragment  of  carbon 
were  being  constantly  transferred  from  one  carbon 
electrode  ti>  the  other,  and  that  tlie  light  was  produced  by 
these  carbon  fragments  I'aised  to  an  intense  heat  by 
the  electric  discharge.  Thi.s  remarkable  and  pregnant 
discovery  may  be  considered  as  the  starting  point 
of  the  present  perfected  condition  of  electric  lights 
ing. 

Perhaps  it  vronld  U?  difficult  to  find  a  move  fitting 
coniinentary  upon  the.se  early  discoveries  than  is  contained 
in  the  following  ic marks  of  the  late  Mr.  Denny  lAne,  the 
well-known  gas  engineer,  who,  in  his  presidential  address 
to  the  Gas  Institute  in  1803,  said  :— 

'■  In  the  generation  of  elcctncity  from  mechanical  foire 
an  enormous  advance  has  been  made  since  the  time  when, 
over  eighty  years  ago,  this  '  new  planet '  lirst  '  swam  into 
the  ken'  of  the  great  philosopher,  and  what  is  most 
remarkable  is  the  fact  that  this  maivciloiis  gi-owth  was 
<lerived  from  his  small  laboratory  experiments,  Firat  of 
all.  Oersted,  in  1819,  discovered  that  a  magnetic  needle 
fiuspendeil  on  a  jTOinted  pivot_  was  deflected  if  an  electric 
cun-ent  waa'passecl  through  a  wire  in  its  vicinity,  and 
parallel  to  it ;  ami  thus  electricity  prndiiced  mechanical 
movement.  It  seems  strange  that  no  one  thonght  of  trj-ing 
the  convei-se  —  namely,  whether  moving  the  mngnet 
mechanically  would  praduco  a  current  in  the  wire- — until 
1831,  when  Faraday  made  his  great  discovery  that,  in  a 
conductor  moved  into  or  out  of  a  magnetic  field,  a 
momenlary  current  was  produced  as  it  crossed  what  he 
called  the 'line  of  force.'  Everjthing  that  has  been  ilnne 
since  then,  by  Siemens,  Gramme,  Wilde,  Wheatstone,  Ladil, 
and   others,   is  but  the  natiu-al   growth  of   the  seed  that 
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germinated  in  the  fertile  soil  of  Oersteds  and  Faraday s 
intelligence.  And  what  a  growth  it  has  been.  The  tele- 
graph, the  electric  light  and  traction,  and  the  transference 
of  power  for  over  100  miles,  convoi-sations  canned  on 
between  two  peoi)le  separated  by  hundreds  of  miles,  electro- 
metallurgy,  the  separation  of  rare  metals  from  their 
matrices,  and  the  thousand  offices  performed  by  this  deft 
and  willing  servant  of  man.  When  your  practical  man 
scoffs  at  what  he  calls  the  toys  of  science,  let  him  reflect  on 
the  momentous  issues  of  these  two  simple  experiments.  In 
the  whole  history  of  practical  science  nothing  is  so  amazing 
as  the  development  of  dynamo-electric  energy." 

Following  the  experiment  of  Davy,  the  fii-st  practical 
application  of  his  discovery  was  the  introduction  of  the 
c^lectric  light  in  the  original  form  in  which  he  produced  it. 
Improvements  were  made  with  the  view  of  steadying  the 
ligiit,  but  these  were  more  in  the  nature  of  accessories  than 
improvements.  It  was  not  until  some  twenty  years  back 
that  a  marked  departure  was  made,  when  Jablochkof! 
RiTanged  the  two  carbon  ro<ls  parallel  to  each  other,  an<l 
made  use  of  an  alternating  electric  cuiTcnt  to  ensure 
equal  mtes  of  consumption  of  the  two  points  of  the 
i*ods. 

After  extensive  trials  on  the  Continent,  particularly  in 
Paris,  it  was  tried  publicly  in  London  by  the  Metropolitan 
Board  of  Works  for  illuminating  the  Thames  Embankment 
from  Westminster  to  Blackfriars  Bridge.  So  little  was  then 
known  of  the  capabilities  of  the  new  system,  that  the  sug- 
gestion to  light  such  a  length  of  the  Embankment  from  a 
central  generating  station  placed  under  the  railway  bridge 
crossing  the  Embankment  at  the  end  of  Northumberland- 
avenue  was  met  with  considerable  derision ;  even  those  in 
charge  of  the  experiment  were  not  a  little  nervous  for  fear 
that  the  current  would  not  be  strong  enough  at  the  terminal 
lamps  to  enable  them  to  start  and  maintain  the  arc.  As 
many  will  remember,  the  experiment  was  a  great  success^ 
imd  continued  to  illuminate  the  beautiful  carriage  way  and 
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was  too  jxiwei-ful,  ami  wlicn  it  was  reilucprl  >iy  suitable 
shadi^K  ami  ^IoIk's,  tlic  cost  of  the  actual  light  utillHOil 
became  pi-ohibitive,  with  the  result  that  ln'yoml  a  few  rail- 
way statiuiis  anil  prominent  places  of  public  resort,  it  founil 
few  patrons. 

The  difiiculty  was  the  division  of  the  light,  and,  like  so 
many  other  difficulties,  no  sooner  was  this  keenly  realised 
tlian  it  was  solved.  When  the  Thames  Emljankment 
experiments  were  undertaken,  viz.,  1880,  the  problem  was 
to  so  place  the  lights  that  there  should  be  a  fairly  even 
illuniinxtion  on  the  pavement  without  incurring  too  great 
an  expense  by  an  excessive  number  of  lights,  and  many 
suggestions  were  made  to  meet  the  difficulty. 

When  tlic  system  of  the  I'lectric  incandescence  o£  a  carbon 
filament  was  introiluced  by  Eli^ou  and  Swann,  l>oth 
working  independently,  it  was  at  once  recognised  as  a 
complete  solution  of  this  problem,  and  the  downfall  of  the 
gas  companies  was  anticipated  in  the  very  near  future, 
The  new  light  Blled  a  gi'cat  want  ia  i-eferencc  to  the  illumi- 
nation of  confined  and  badly-ventilatcil  rooms,  and  rapidly 
took  its  place  in  the  popular  favoiu'.  The  improvements, 
however,  which  havo  been  maile  in  arc  lamps  are  so  great 
that  their  use  is  extending  largely ;  a  fact  which  is  not 
surprising  when  it  is  con.sidei-ed  that,  roughly  speaking,  the 
arc  lamp  is,  light  for  light,  only  attout  one-t^nth  as  costly 
as  that  of  the  incandescent  electric  lamp. 

This  fact,  however,  is  not  a  little  vitiated  by  the  great 
reduction  which  the  light  of  the  arc,  as  generally  used,  under- 
goes by  the  interference  of  the  rays  by  the  globe  suiTouml- 
ing  the  carbon,  which  in  some  cases  will  cut  off  as  much  as 
(JO  per  cent,  of  the  initial  light  yieldeil.  In  this  connec- 
tion it  is  worthy  of  note  that  the  original  estimates  of  the 


Tnf  rod  act  ion.  5 

electricians  as  to  the  candle-power  of  the  arc  lamps  were 
most  misleading.  Lamps  which  afforded  no  more  than 
450  candles  without  globes  were  called  "  1000  -  candle 
lamps,"  but  the  effective  light  from  these,  after  they  were 
fitted  Avith  globes,  was  only  some  250  candles,  and  even  as 
low  as  150  candles  when  opal  globes  were  employed. 

In  a  similar  manner,  but  not  to  so  great  An  extent,  the 
electrician  s  estimate  of  the  luminous  intensity  of  the  in- 
candescent electric  lamp  was  also  over-stated.  In  the 
course  of  the  present  work  this  question  will  be  fairly  dealt 
with  on  the  basis  of  actual  estimations  made  by  the 
writer,  as  well  as  of  the  current  required  to  pro- 
duce a  given  degree  of  illuminating  power. 

The  bafsls  upon  which  the  >alue  of  the  electric  current, 
and  consequently  that  of  the  light  and  i)ower  supplied,  is 
fixed,  is  a  subject  fur  careful  consideration.  In  this  country 
tlie  Buaril  of  Trade  unit  is  adopted.  This  term  indicates 
7 eta«^/<y,  expressed  in  "amperes"  multiplied  l>y  iiiicmsitij 
expressed  in  "  volts."  Thus,  a  Board  of  Trade  "  unit"  may 
Ik;  1000  anq)eres  multiplied  by  1  volt,  or  1  auq)ere  multiplied 
by  1000  volts;  or  10  amperes  by  100  volts,  &c.  In  each 
case  the  flow  of  electric  energy  is  equal  to  1000  watts;  and 
this  1000  watts,  or  1  kilowatt,  acting  during  1  hour,  equals 
one  Board  of  Trade  unit.  If  the  quantity  (amperes)  and  the 
intensity  (volts)  required  to  yield  a  given  volume  of  light 
be  known,  the  conversion  of  these  factors  into  terms  of 
Board  of  Trade  units  can  readily  be  made,  and  conse- 
quently the  cost  of  the  lights  ascertained  at  the  current 
price  fixed  for  the  supply  of  electric  energy. 

Having  paid  the  latest  comer  the  compliment  of  priority 
in  the  discussion,  we  may  now  turn  to  some  considerations 
respecting  the  introduction,  manufacture,  supply,  and  use  of 
gas.  For  this  purpose  probably  no  better  guidance  can  bo 
followed  as  to  the  early  history  of  this  industry  than  that 
of  Frederick  Accum,  lecturer  on  practical  chemistiy,  &c.,  who 
in  1815  published  "  A  Practical  Treatise  on  Gas  Light.'' 
The  great  difficulty  which  the  early  a<lvocates  of  this  new 
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system  of  artificial  illumination  experience  J  ia  well 
indicated  by  the  following  passage  in  his  "  IntKiductory 
Remarks  " : — 

"  The  scheme  of  lighting  houses,  streets,  and  manufac- 
tories, by  means  of  the  inflammable  gas,  obtainable  by 
distillation  from  common  pit  coal,  professes  to  increase  the 
wealth  of  the  nation,  by  adding  to  tlic  number  of  its  internal 
resources,  and  on  this  ground  it  is  entitled,  at  least  to  a 
candid  examination.  The  apparent  slight  that  has  been 
thrown  upon  this  new  branch  of  civil  economy  by  some 
individuals,  who  appear  to  Ije  incapable  of  judging  of  its 
nature,  has  contributed  to  deter  sensible  and  well-disposed 
persons  from  wishing  it  success.  It  is  the  more  necessary 
to  state  this  fact,  because  when  a  mistaken  notion  once 
liecomes  diflused  concerninf,'  the  nature  of  a  new  project, 
persons  of  the  best  intentions  are  liable  to  become  affected 
with  wrong  iinpresaions  on  their  mind." 

History  repeats  itself.  These  words,  written  nearly  a 
ecntuiy  ago,  may  be  applied  equally  to  many  important 
matters  at  present  under  discussion. 

The  discovery  and  introduction  of  coal  gas  is  described 
by  Accum  in  the  following  "Sketch  of  the  Rise  and  Progre3,s 
of  the  Discovery  and  Application  of  Coal  Gas  as  a  Sub- 
stitute for  Procuring  Artificial  Light": — 

"To  assi.nt  thu  reader  in  comprehending  the  nature  and 
olijuct  of  siilistituting  coal  gas  for  tallow  or  oil.  for  the 
inirpos';  of  ubiaiuing  light,  it  may  hv  projXAr  to  touch  slightly 
vipon  the  successive  discoveries  that  have  been  made  as  Ui 
the  decomposition  of  coal,  and  the  application  of  its  diffintnt 
ingredients.  Such  a  sketch  will  atld  to  the  many  examples 
that  occur  in  the  hlstoiy  of  science  and  art,  showing  the  slow 
pi-ogi-css  of  mankind  in  following  up  known  itriucjplcs,  or 
i-xtrocting  from  acknowledged  facts  every  [>0HsiblG  advan- 
tnge. 

"  In  the  '  Philosophical  Transactions '  of  the  Royal 
Society,  vol.  xli.,  so  long  ago  as  the  year  1739,  is  recorded  a 
paper,  eshiliittng  an  iiccount  of  some  experiment-s  made  by 
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Dr.  James  Clayton,  from  whicli  it  apjx'ars  that  the  in- 
flammable nature  of  coal  gas  was  then  already  known. 
Dr.  Clayton,  having  distilled  Newcastle  coal,  obtained,  as 
products  of  the  process,  an  aqueous  fluid,  a  black  oil,  and 
an  inflammable  gas,  which  he  caught  in  bladders,  and  by 
pricking  these  he  was  enabled  to  inflame  the  gas  at 
pleasure. 

"  It  is  further  known  that  in  the  beginning  of  the  last 
[i.e.,  eighteenth]  century,  Dr.  Hales,*  on  submitting  pit 
coal  to  a  chemical  examination,  found  that  during  the 
ignition  of  this  fossil  in  close  vessels,  nearly  one-third 
of  the  coal  became  volatilised  in  the  form  of  an 
inflammable  vapour.  Hence  the  discovery  of  the  inflam- 
mable nature  of  coal  gas  can  no  longer  be  claimed  by  any 
person  now  living. 

"  In  the  year  1767,  the  Bishop  of  Llandafl'f  examined  the 
nature  of  the  vapour  and  gaseous  products  evolved  during 
the  distillation  of  pit  coal.  This  learned  philosopher 
noticed  that  the  volatile  product  is  not  only  inflammable 
as  it  issues  from  the  distillatory  vessel,  but  that  it  also 
i-etained  its  inflaunuability  after  having  been  made  to  pass 
thix)ugh  water,  and  suffered  to  ascend  through  two  high 
curved  tubes.  The  solid  matters  obtained  by  this  vener- 
able prelate  were  an  ammoniacal  fluid,  a  tenacious  oil 
resembling  tar,  and  a  spongy  coal  or  coke." 

Coal  gas  was  also  discovered  by  a  Belgian,  Jean  Pienc 
Minkelers,  professor  at  the  University  of  Louvain,  on 
October  1st,  1784.  Aerostatics  had  just  come  to  the  atten- 
tion of  inventoi-s.  In  1783  Dr.  Charles  sent  up  the  first 
balloon  at  Paris  filled  with  pure  hydrogen  gas.  But  hydro- 
gen was  too  expensive,  and  investigations  were  continued. 
At  the  request  of  the  Duke  of  Arenberg,  Minkelei-s  de\  oted 
himself  to  it.  All  substances  of  vegetable  origin  gave 
gas,  and  he  tried  a  large  number  of  them.  *'  Finally,  on 
October   1st,   1784,"  he  wrote  in  his   "  Memoire   sur   I'air 

*  *•  Vegetab.  Statics,"  vol.  i. 

t  Watson's  •*  Chemical  Essays,"  vol.  ii. 
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intliinmmljli?  frit'  dc  differentes  sulj^taiices "  (a  paiiijililijt 
[H-inted  tlm  aaine  year,  wliich  removes  all  fiuestioii  as  to 
ilate),  "  having  jilaced  the  coal  in  a  gun  barrel,  I  obtained 
inHainmahle  air  in  atundance  and  very  promptly.  Four 
ounces  of  coal  gave  uie  a  cubic  foot,  French  measure,  of  this 
air,  which  being  weighed  was  found  to  he  four  times  lighter 
than  atmospheric  air." 

Dr.  \y.  Henry,  of  Manchester,  has  published  the 
following  account*  of  Murdoch's  discoveiy  and  practical 
application  of  coal  gas  :— 

"  In  the  year  1792,  at  which  time  Mr.  Murdoch  resided  at 
Kedrutli,  in  t'omwall,  he  commenced  a  series  of  experi- 
ments uiMin  the  i[uantity  and  (|iiality  of  the  gases  contained 
iu  ditibreut  sul«tances.  In  the  couise  of  these  he  remarked 
that  the  gas  obtained  by  diutillatiun  from  coal,  pc-ut, 
wooil,  and  other  inHammaUe  substances  burnt  witli  great 
brilliancy  upon  being  set  tii-e  to ;  and  it  occurred  to  liim 
that  by  confining  and  conducting  it  tlimugh  tubes  it  might 
lie  employed  as  an  economical  Bub.stitute  for  lamps  and 
candles.  The  distillation  was  peifonncd  in  iron  retorts, 
and  the  gas  conducted  through  tinned  iron  and  copper 
tubes  to  a  distance  of  70ft.  At  this  termination,  as  well  as 
at  intermediate  points,  the  gas  was  set  fire  to  an  it  passed 
tlimugh  apertures  of  different  diametci's  and  funns,  pur- 
(loseiy  varied  with  a  view  of  ascertaining  which  would 
r  beat.  In  sonic  the  gas  is.sued  thiough  a  number  o£ 
small  holes  like  the  head  of  a  watering-can :  in  others  it 
was  thrown  out  in  long  thin  sheets  ;  and  again  in  others  in 
circular  ones,  upon  the  principle  of  Argand's  lauip.  B^s 
of  leather  and  of  varnished  silk,  bladders,  and  vessels  of 
tinned  iron  were  filled  with  the  gas,  which  was  set  fire  to 
iiud  carried  ulxttit  from  room  to  room,  with  a  view  iif 
iisciTtainiug  how  far  it  could  be  made  to  answer  the 
puri)ose  of  a  movable  or  transferable^  light.  Trials  weie 
likewise  made  of  the  different  quantities  and  qualities  of 
gna  produced  by  coals  of  various  descriptions,  sucli  as  the 
"  Syslum  of  ChemUtry,"  vol.  i,.  page  53. 
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Swansea,  Haverfordwest,  Newcastle,  Shropshire,  Stafford- 
shire, and  some  kinds  of  Scotch  coals. 

"Mr.  Murdoch's  constant  occupations  prevented  his 
giving  further  attention  to  the  subject  at  that  time,  hut 
he  again  availed  himself  of  a  moment  of  leisure  to  repeat 
his  experiments  upon  coal  and  peat  at  Old  Cumnock,  in 
Ayi-shire,  in  1797,  and  it  may  be  proper  to  notice  that  both 
these  and  the  former  ones  were  exhibited  to  numerous 
spectators,  who,  if  necessary,  can  attest  them. 

"In  1798  he  constructed  an  apparatus  at  Soho  Foundry, 
which  was  applied  during  many  successive  nights  to  the 
lighting  of  the  building ;  when  the  experiments  upon 
(liflerent  apertures  were  repeated  and  extended  upon  a 
large  scale.  Various  methods  were  also  pitictised  of 
wjishing  and  2)urifying  the  air  to  get  rid  of  the  smoke  and 
smell.  These  experiments  were  continued  with  occasional 
interruptions  until  the  epoch  of  the  peace  of  the  spring  of 
1802,  when  the  illumination  of  the  Soho  manufactory 
afforded  an  opportunity  of  making  a  public  display  of  the 
new  lights,  and  they  were  made  to  constitute  a  principal 
feature  in  that  exhibition. 

"In  the  year  1803  and  1804,  Mr.  Winsor  exhibited  at 
the  Lyceum  in  London  the  general  nature  of  this  new 
mode  of  illumination,  though  the  machinery  for  procuring 
and  the  manner  of  purifying  the  gas  he  kept  a  secret.  He 
exhibite<l  the  mode  of  conducting  the  gas  through  the 
house,  and  a  number  of  devices  for  chandeliers,  lamps,  and 
burners,  by  v/hich  it  might  be  applied.  Among  these  he 
proposed  long  flexible  tubes  suspended  from  the  ceiling  or 
wall  of  the  room,  and  at  the  end  communicating  with 
burners  or  lamps  of  different  kinds.  This  gentleman 
showed  also  by  experiment  that  the  flame  of  the  gaslight 
produced  no  smoke ;  that  it  was  not  so  dangerous  as  the 
ilame  of  candles  or  lamps  ;  that  it  could  not  produce  sparks; 
and  that  it  was  not  so  readily  extinguished  by  gusts  of 
wind  or  torrents  of  rain." 

It  will  thus  be  seen  that  the  early  introduction  of  coal 
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'^as  was  diK'  not  uuly  to  tlic  ctfortj*  of  one  iudivi'Uial,  liut 
to  the  5Ui;cesai\t'  work  oi  many.  The  pahn,  liowcver,  for 
j>lacing  the  syHteui  in  a  practical  form  lias  been  accredited 
to  Murdoch,  who,  it  will  be  seen  from  the  forcyoing, 
steadily  persevered  until  he  finally  accomplished  the  work 
by  his  display  at  Soho. 

In  order  to  utilise  gaseoua  matter  either  as  a  fuel  or  aa  a 
liglit-giver.  it  must,  like  electrical  energy,  be  conveyed  from 
the  point  of  generation  to  the  place  where  it  is  to  be 
utilL-Hid. 

Electricity  is  conveyed  by  wires  or  copper  bands ; 
gas  is  forced  through  a  pipe.  If  we  want  to  pass 
more  gas  through  a  given-sized  pipe,  we  must  send  it  at  a 
greater  pressure  ;  but  if  the  pres.surc  cannot  be  increased, 
we  must  employ  a  larger  pipe.  In  order  to  obtain  nioi-e 
luminous  energy  we  must  use  a  larger  i|uautity  of  gas,  but 
that  ([uantity  is  unavailable  unless  it  has  sufficient  pressure 
behind  it  to  cause  it  to  pass  through  the  orifice  of  the 
biimenj,  just  as  the  electric  current  must  have  sufficient 
vuliaije  or  pressure  to  enable  it  to  overcome  the  resistance  of 
the  carbon,  anil  so  raise  it  to  its  light-giving  temperature. 
We  may  thus  consider  that,  in  the  transmission  of  gaseous 
or  of  electrical  energy,  the  size  of  pipes  and  the  degree  of 
pivsaure  in  the  first  instance  may  Ix;  compared  with 
the  canying  capacity  of  the  wires  (in  initjii'iv)  and 
the  p|-cs.siire  of  the  eunvut  (in  volt<)  in  the  second 
instance. 

When  examining  a  gas  -supply  we  nut  only  oltserve 
the  pi-essure,  which  is  indicated  by  the  height,  in  inches,  of 
a  column  of  water  suppoi-tc'd  by  it,  but  its  iUnminating 
eotistitueuts,  which  for  practical  pui|K>seN  are  best  indicated 
liy  the  <|uaiitity  of  light  which  a  given  volume  of  gas  i^i 
capable  of  aflbrding,  wlien  it  is  burnt  under  certain  specifieil 
comlitioDs.  This  (juality  of  the  gas  is  known  as  its  Uluvii- 
imtiiig  i>oxiri:  Now,  what  is  the  proitertj'  pertaining  to 
electrical  energy  e([uivflleiil  to  the  chemical  composition  of 
coal  gas  in  ivgurd  to  its  iiillueiiceon  ilJuuiiiiatiiig  power  ?     It 
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is,  essentially,  the  pressure  or  voltage  ;  because,  althougli  the 
quantity  of  current  supplied  may  be  constant,  any  falling  off 
in  the  pressure  is  followed  by  a  far  more  rapid  diminution  of 
the  light  given  by  any  specified  lamp.  Thus  a  16  candle-power 
lamp  was  found  to  give  15*03  candles  when  the  current 
indicated  99*33  volts  and  0  628  ampferes,  equal  to  62*38 
watts.  When  the  voltage  fell  fi*om  99  to  96  the  loss  in 
candle-power  was  from  15  to  10*9,  or  27*3  per  cent;  and 
when  it  fell  to  90,  the  loss  of  candle-power  was  exactly 
50  per  cent.  But  the  number  of  watts  (volts  X  amperes) 
by  which  the  value  of  the  current  to  the  consumer  is  esti- 
mated did  not  fall  in  proportion,  but  only  from  62  to  561, 
or  about  9  per  cent.  The  great  iuiportance  of  the  voltage 
being  kept  fully  up  to  the  standard  point  is,  indeed,  of  far 
more  consequence  to  the  consumer  than  is  that  of  the 
illuminating  power  of  the  gas  being  equally  up  to  its 
standard ;  and  wherever  an  installation  of  the  electric  light 
is  introiluced,  the  suppliers  should  be  under  most  stringent 
regulations  as  to  the  voltage  of  the  supply. 

The  means  by  which  the  energy,  either  gaseous  or  elec- 
trical, is  to  be  utilised,  next  invite  consideration.  These 
are: — (1)  Burners,  which  may  be  divided  into  three  classes, 
viz.,  ordinaiy,  such  as  flat  flames,  Argands,  &c.;  recuperative, 
such  as  the  Wenham  and  others  of  that  type,  first  introduced 
by  Herr  F.  Sieuieiis;  and  incandescent,  such  as  the  Welsbach. 
{'!}  El«;ctric  lamps,  which  may  be  divided  into  two  classes, 
viz.,  incandescent  and  arc  lamps.  For  uur  purpose  we  may 
company  ordinary  flat-flame,  &c.,  gas  burners  with  incan- 
descent lamps,  and  recuperative  and  incandescent  gas 
burners  with  arc  lamps.  The  relative  practical  value  of 
these  different  systems  will  be  dealt  with  later  on. 

One  of  the  great  advantages,  however,  of  the  electric 
light,  especially  in  the  form  of  the  incandescent  filament,  is 
the  prevention  of  the  vitiation  of  the  atmospheix3,  and  for 
certain  purposes  it  cannot  be  doubted  but  that  this  valuable 
property  outweighs  other  considerations.  This  fact  is  also 
of  the  greatest  importance  in  regard  to  its  use  as  a  heating 
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agfiit  -wlit^tliff  for  ein)king  ui'  iiidiipitnal  ii^cs.  Uii- 
fwrtunately,  at  the  present  time  tlic  cost  of  the  cuiTent  is 
prohibitive  in  regard  to  its  general  eiapluyment  for  these 
purposes,  but  they  may  btcoiiie  factors  not  to  ho  overlooked. 
With  reganl  to  the  degree  of  superiority  which  the  electric 
li^'lit  posses.<se5  over  gas  and  oil  ilauiuu  in  the  important  matter 
of  heating  effect  on  the  surrounding  atmosphere,  Professor 
Nicholls  states  tliat  the  latter  deliver  to  tlie  room  about 
1000  giamme- calorics  of  heat  per  minute  for  each  candle- 
jKiwer  of  'J"6  gramme- calories  of  luminous  radiation.  An 
incandescent  lauip  of  5  percent,  net  efticiuucy  delivers  only 
72  gmuniie -calories  per  candle-powi't,  Mr.  Meriitt,  of  the 
Cornell  UjiivL'i-sity,  concludes,  from  experiments  made  hy 
IJi-.  Thonjson"  some  t\venty-ti\i;  yeai-s  ago,  and  since 
ii|H'iited  by  himself,  that  the  true  efficiency  of  an  oil  lamp 
as  a  light-nmking  machine  is  only  about  0:{  jier  cent.,  or 
oue-U-'Uth  of  that  of  an  incandescent  lamp;  and  that  the 
latter,  althoiigli  an  immense  improvement  njion  gas  oii't 
lamps,  is  still  far  from  being  perfect  in  this  I'espirt. 
l>oubtlcss,  as  he  %ys,  this  is  a  ijuestion  M'hieh  merits  [he 
Hcrioiis  attention  of  investigators. 

When  considering  the  ineiits  of  a  scheme  for  introducing 
the  electric  light  into  small  towns,  the  initial  difticulty  of 
inducing  residents  to  incur  the  expense  of  wiring  their 
houses  must  not  be  overlooked ;  and  no  project  should  he 
ttikcn  in  hand  until  this  point  is  fairly  faced. 

When  the  electric  light  tirst  began  to  find  its  way  int^i 
favour  oa  a  public  illuminant,  many  persons  expressed  some 
fear  lest  the  peculiar  character  of  its  rays  might  be  injurious 
to  the  eyesight  of  those  constantly  at  work  by  its  aid, 
during  tlic  winter  months  especially.  Experience  has  now 
elicited  the  fact  that  there  is  no  evidence  of  injury  from 
this  eaase.  Another  point  was  also  del-ated  with  no  little 
foi-ce,  viz.,  the  relative  ditluaive  power  of  the  rival 
illuiuiuants.  Wliile  the  superior  power  of  the  snc  light 
"D«s  Mechtuiiiicbe  .Eituivalent  dcs  Lichlos,"  I'ogg. 
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enabled  it  to  lioM  its  oivn  in  coKiiK'titiim  with  all  otlifi'K 
for  outdoor  illuniination  in  this  respL'ct  for  a  time,  tliL- 
ri-cently-i  111  proved  liigh-power  incandescent  ;j;as  mantles  are 
again  calling  attention  to  this  point. 

It  is  true  that  the  introduction  of  the  Welsliach  incan- 
descent mantle  has  thrown  hack  the  incandescent  electric 
light  very  considerably,  but  it  remains  to  he  seen  whether 
thi'  electricians  will  be  able  to  impi-ove  the  incandescent 
glow  lamp  to  such  an  extent  aa  to  outstrip  its  rival.  This 
may  yet  be  done  by  toughening  the  cai'bon  filament  to  such 
a  <legree  that  it  can  successfully  stand  a  higher  volt^c 
than  at  present,  in  which  ca-so  greater  intensity  of  light  can 
l>e  I'eadil}'  obtained  by  increasing  the  \-oltagc  of  the  cur- 
rent. It  is  well  known  that  a  Iti-eandlc  electric  incan- 
descent lamp  may  lie  raised  to  10(1  candles  by  inereflsing 
the  strength  of  the  cutTont,  but  the  life  of  the  lamp  is 
shortened  from  liundreds  or  thousands  of  hours  to  only  a 
few  minutes  by  reason  of  the  breaking  of  the  carbon  fila- 
ment. A  most  interesting  feature  of  the  electric  arc  is 
the  property  of  enabling  a  light  to  be  readily  obtained 
which  is  more  or  less  comparable  with  daylight  in  character, 
and  therefore  especially  valuable  when  it  is  desired  to 
differentiate  colours, 

Wlicther  or  not  the  time  will  come  when  the  intensity  of 
the  electric  incandescent  lamp  will  be  readily  varied  under 
normal  conditions  of  current,  thiLs  raising  its  actinic  value, 
must  be  an  open  question  ;  but  uniloubtedly  it  would  I)e  of 
immense  advantage  if  it  were  passible  to  raise  the  tempera- 
ture of  the  filament  for  temporary  purposes,  until  it  yielded 
that  quality  of  light  which  we  know  it  is  capable  of  doing 
nnder  favmirable  circumstances,  viz.;  affording  a  light  suffi- 
dently  pure  for  distinguishing  delicate  colours. 

The  character  of  the  light  obtained  from  the  arc,  as  well 
as  from  the  electric  incandescent  lamp,  has  been  made  the 
subject  of  vcrj-  extensive  study,  especially  by  Pi'ofe.ssor 
Nicholls,  of  the  Physical  Laboratory  of  the  Cornell 
XTniversilv  in  America,  who  bns  fnllnwed  the  originnl  work 
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m  this  diivctiuii  of  Otto  Schuiiiaim  and  others.  In  tho 
course  of  these  reseai-ches  it  was  (ti'iiioustratcd  that  the 
efficiency,  or  ratio,  of  the  energy  of  tlie  luminous  radiation 
(t{  the  arc  lamp  to  tliat  of  the  total  I'afliation,  hiininous  and 
non-luminous,  in  the  horizontal  plane,  was  found  to  lie 
i-xceetlingly  small — varying  from  about  5  per  cent,  to  a 
little  less  than  15  per  cent.,  the  ratio  increasing  as  the 
diameter  of  the  carbon.s  decreased.  In  the  case  of  the 
incandescent  lamp  at  the  normal  temperature  of  incan- 
descence, whori!  the  intensity  lies  in  the  neighbourhood  of 
si.itteen  candles,  the  efficiency  does  not  rise  above  '>  or  fi  per 
cent.  Continuing,  Profes.sor  NichoUs  .says  :^"  Since  the 
ratio  of  total  radiation  to  light-giving  radiation  increases 
hut  slowly,  a.s  the  temperature  of  the  radiating  body  rises, 
the  efficiency  is  not  likely  to  be  increased  in  any  verj" 
marked  degree  until  we  shall  have  learned  how  to  suppress 
altogether  tho.se  long  waves  which  yield  na  dark  heat,  and 
are  able  to  limit  the  vibrations  of  our  source  of  light  to  that 
brief  octave  which  comprises  the  wave-lengths  to  which 
alone  the  human  retina  responds.  Whether  this  great  step 
is  to  be  mi'le  by  robbing  the  glow-worm  and  the  fire-fly  of 
the  secret,  as  has  liecn  suggested  by  the  Director  of  the 
Sibley  College  of  Mechanical  Engineering,  or  by  other 
means,  we  know  not."  Mr,  Thurston's  remarks  to  the 
aljove  effect  were  as  follows  : — "  The  second  of  the  greatest 
inventors  Ls  he  who  will  teach  iis  the  source  of  the  beautiful 
soft  beaming  light  of  the  fire-fly  and  glow-worm,  and  will 
show  us  how  to  produce  this  singular  tllumtnant,  and  to 
iipply  it  with  success  practically  and  conmiercially." 

Mr.  Thuiston  claims  that  the  dynamo-electrical  engineer 
has  nearly  solved  the  problem.  Doubtless,  he  overl.»keil 
the  fact  that  Davy  and  Faraday  were  cherai.its. 

With  regard  to  the  relative  spectra  of  the  two  classes  of 
illuminants  under  discussion,  we  may  refer  to  the  work  of 
Dr.  Julius  Thomsen,  Professor  NiehoUs,  Captain  Abney  and 
Colonel  Festing,  and  othcrR,  In  the  first  place,  it  was 
found     that    the    light     of     the    candle,    oil,     and     gas 
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flames,  aud  iucamJfSCfiit  clockiu  himps  maintained  ot 
normal  candle  power,  althongh  subject  to  considerable 
til  let  11  at  ions  fiwrn  variations  of  tlie  conditions  under  wliicli 
combustion  occurs,  differ  but  slightly  in  ([uality  one  from 
the  otlior.  The  incandescent  material  in  all  la  carbon ; 
and  it  is  a  significant  fact  that  tlu;  average  temperature  o£ 
incandescence  is  nearly  the  same  in  all  luminous  flames,  and 
tliat  the  highest  temperature — at  any  rate,  until  verj' 
recently— at  which  it  has  been  found  practicable  to  main- 
tain the  carbon  filament  of  the  glow  lamp  is  very  nearly 
that  at  whicli  the  same  material  exists  under  mast  circum- 
fitanees  in  oil  and  gas  flames.  Passing  to  other  soureos  of 
illumination,  such  as  the  limelight  and  the  electric  arc,  wo 
finil  the  entire  portion  of  tho  spectrum  lying  Iwyond  the 
j'ellow  increasing  more  rapidly — regions  of  longer  wave 
length  than  the  yellow  increasing  less  rapidly  than  the 
candle  power,  and  the  mto  of  increase  gi-owing  steatlily  as 
the  wave  length  diminishes  from  the  reil  to  the  violet  enil 
of  the  spectrum. 

Luminosity  is  the  factor  which  we  must  take  into 
account  in  seeking  a  complete  expression  for  the  cttieiency 
of  any  souree  of  illumination;  and  tho  method  to  In; 
pursuetl  in  the  determination  of  the  lumina^ity  must 
depend  upon  the  use  to  which  the  light  is  to  Ixi  applied. 
If  we  estimate  light  by  its  power  of  bringing  out  the 
colours  of  natural  object*",  the  value  which  we  place  upon 
tho  blue  and  violet  rays  must  be  very  different  from  that 
which  would  be  ascribed  to  them  if  we  consider  merely  its 
power  of  illumiuation,  as  applied  to  black  and  white.  In 
a  pictuie  gallery,  for  instance,  or  upon  the  stage,  the  value 
of  an  illuminant  inci-eases  with  the  temperature  of  the 
incandescent  material,  out  of  all  proportion  to  the  candle 
power ;  whereas  candle  power  affords  an  excellent  measure 
of  the  light  to  be  used  in  a  reading-room. 

The  luminosity  of  the  blue  and  violet  rays  is  si>  vei-j' 
small  that,  in  the  production  of  candle  power,  the  influence 
of  the  ver^'  rapid  growth  of  this  end  of  the  spectrum  with 
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increasing  teiiiperaturo  of  the  lamp  is  acai*cely  appreciable. 
If  we  estimato  the  light-giving  \*aluc-  of  the  different 
portions  of  tlie  spectrum  by  means  of  the  facility  with 
which  wo  can  distingnish  black  characters  upon  a  white 
ground,  the  importance  of  the  more  refrangible  raya  is  still 
further  diminished.  Thus,  Macti  de  Lepinay  and  Nicati 
have  shown  that,  if  yellow  and  blue  light,  estimated  to  be 
of  equal  brightness  by  photometric  means,  are  of  such 
intensity  that  one  can  cleaily  distinguish  a  printed  page 
when  illuminated  by  the  yellow,  the  same  page  will  Ije 
entirely  illegible  when  the  blue  light  alone  fall.^  upon  it. 
These  observoi"s  conclude,  indeed,  that  "  the  mere  distin- 
guishing of  objects  is  due  almost  exclusively  to  the  illu- 
mination pi-oduced  by  the  less  refrangible  parts  of  the 
normal  spectrum ; "  so  that  at  eijuftl  brilliancy  "  the 
Bnpcriority  of  yellow  sources  of  light  (luminous  gas  ffame, 
incandescent  lamps,  &e-)  over  sources  richer  in  blue  rays 
(such  as  the  light  of  the  electric  arc)  is  incontestable.'' 
"  The  one  great  advantage,"  they  add,  "upon  the  .side  of  the 
light  from  the  electric  arc  is  when  one  desires  to  rehabilitate 
objecU  more  nearly  in  the  lines  which  they  present  in  the 
light  of  day."  This  single  advantage  in  one  of  which  it  is 
impossible  to  take  due  account  numerically  in  an  estimate 
of  the  efficiency  of  artificial  ithmiination.  Tt  is  never- 
theless a  most  important  factor  in  determining  the 
ailaptahility  of  a  light  to  nearly  all  the  pnrpOHes  of  everj'- 
day  life. 

In  the  course  of  a  discussion  before  the  American 
Institute  of  Electrical  Engineers,  Pi-ofessor  Nicholls  pointed 
out  that  if  we  have  three  incandescent  electric  lamps  of 
different  sizes,  but  each  subjected  to  such  a  current  as  is 
required  to  give  sixteen  candles  by  the  photometer — the 
laigest  lamp  having  tlie  smallest  current,  and  the  smallest 
lamp  the  greatest  current — they  would  vary  in  total 
Inminunsonei^and  in  total  light-giving  value  tm  mcasm-cd 
by  their  luminasity. 

In  the  jimnllest  lamp  with  the  strongest  current  tlie  i"ei| 
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rays  would  be  the  weakest,  and  the  blue  rays  would  be 
correspondingly  the  strongest.  If  we  know  the  state  of 
incandescence  and  the  temperatui*e  of  the  radiating  surface, 
we  have  a  complete  definition  of  the  performance  of  a  lamp, 
and  we  can  then  express  exactly  what  it  will  do  for  any 
purpose  for  which  it  is  designed.  If  we  want  colours,  we 
use  it  at  a  high  incandescence.  If  we  want  the  greatest 
possible  reading  power,  we  shall  get  a  maximum  for  that 
purpose  at  a  low  temperature. 


Arlijicial  llfjhf. 


ABTlFiriAI,   LIGHT.   ITS  SOURCE   AND   MEASUREMENT. 


Genend  Consi<le7xUions. — The  necessities  of  modern 
civilisation  having  to  so  large  an  extent  turned  niglit  into 
tlay  both  in  the  working  world  as  well  as  in  that  of  the 
world  of  pleasure  and  social  intercourse  when  the  day's 
work  is  done,  a  state  of  things  has  arisen  in  which  artificial 
illumination  holds  the  veiy  first  place,  as  without  it  the 
whole  scheme  of  present-daj'  society  would  at  once  fall  to 
the  ground.  It  is  therefore  with  no  hesitation  that  the 
anthor  proposes  to  deal  with  the  question  with  a  view  to 
placing  befoie  liis  readers,  in  as  clear  and  succinct  a 
manner  as  the  subject  will  permit,  the  main  facts  relating 
to  the  production  and  use  of  artificial  illuminants. 

The  numerous  sources  of  artificial  illumination  now  at 
the  disposal  of  the  public,  both  for  indoor  as  well  as 
outdoor  illumination,  are  so  varied,  both  in  regard  to  their 
number,  quality,  and  source,  that  it  is  impossible  to 
adeijuately  describe  them  and  their  rejspective  qualities 
in  a  limited  compass.  Between  tlie  humble  tallow  candle  to 
the  intense  light  of  the  arc  lamp  there  is  a  wide  difTerence. 
Between  these  two  extremes  we  have  a  number  of  sources 
of  artificial  illumination  >?uitable  for  every  sort  and 
condition  of  circuui-stance  which  can  possibly  arise.  We 
can  well  understand  the  perplexity  of  the  mquirer  who 
attempts  for  the  fii-st  time  to  ascertain  the  most  suitable 
degree  and  kind  of  illumination  for  any  particular  purpose. 
If  the  use  to  which  the  light  i.s  to  be  put  is  to  show  the 
colours  of  pictures  or  decorations,  he  will  prefer  a  different 
light  to  that  which  he  wouM  require  if  he  desired  mei-ely 
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to  show  the  way  about  in  dark  weather,  wliilst  for  the 
quiet  reader  a  subdued  yet  sufficient  light  withrtl  will  he 
necessary. 

Ll{fht  Sources. — Artificial  light  ma}'  l>o  obtained  from 
candles  o£  different  construction,  such  as  those  made  with 
tallow,  in  a  more  or  less  purified  condition ;  wax,  both  that 
from  the  lieehive  and  tliat  from  the  parafHn  series  of  hydro- 
carbons, better  known  as  "  mineral  was ; "  apermaceti,  kc. 
Proceeding  upwards  in  the  scale  from  these  there  are  the 
different  kinds  of  oils,  vegetable,  animal,  and  mineral,  viz.: — 
colza,  cotton-see<l,  rape,  castor,  and  ntany  othora,  which  are 
all  suitable  for  the  purposes  of  illumination  under  conditions 
of  propt-r  combustion ;  sperm,  neatsfoot,  and  lard  oils,  kc; 
whilst  under  the  head  of  mineral  oils  we  have  the  various 
petroleum  oils  known  as  petroleiun.  paraflin,  kerosene,  benzo- 
line,  shale  oil,  Sec  Next  in  order  to  these  are  the  gaseous  class 
of  illuminants,  foremost  of  which  stands  coal-gas;  thentjases 
produced  by  the  destructive  distillation  of  organic  bodies 
other  than  coal,  such  as  shale,  oil,  waste  organic  ddbria, 
&-C,;  the  action  of  superheated  steam  on  incandescent  carbon, 
forming  the  ga.seou.'*  product  known  as  water-gas;  Acety- 
lene, kn-  Next  wo  have  the  various  forms  of  electric  light 
wJiich,  in  the  opinion  of  man^-,  is  ultimately  destined  to 
displace  all  competitors  in  the  race  for  popular  favour. 
With  these  different  sources  of  illumination  it  is  possible  to 
obtain,  as  inquired,  light  varying  in  intensity  from 
a  fraction  of  a  standard  candle  to  many  thousand  such 
candles ;  and,  by  the  judicious  use  of  lenses,  to  thiow  the 
rays  so  obtained  in  any  given  dii-ection  with  an  intensity 
equal  to  many  millions  of  candles,  thus  fonning  the  power- 
ful beam  of  the  lighthouse  or  that  of  the  search-light. 

This  consideration  naturally  leads  us  to  the  question  of 
the  means  of  ascertaining  the  power  of  any  light  which  it 
may  be  desired  to  employ.  The  proces.'i  by  which  the 
actual  intensity  of  any  given  light  is  ascertained  Is  that 
known  as  photometry,  or  light  measurement.  No  matter 
what  the  source  of  light  may  be,  the  principles  involved  at-.- 
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precisely  the  same,  and  it  will  be  as  well  to  clear  the 
ground  on  this  point  completely  before  proceeding  to  other 
considerations. 

Photometry,  or  the  Measurement  of  Light :  Law  of  In- 
verse Si]uares. — The  first  law  of  photometry  is  that  nf 
inverse  wiuares.  Light  proceeds  from  a  given  radiant  in 
all  directions  In  straiglit  lines.  Consefitientty,  a'*  these  lines 
proceed  farther  from  the  starting  point,  they  separate  more 
an«l  more,  and  thus  a  less  intensity  of  light  impinges  upon 
a  given  point  the  more  remote  its  distance  may  be,  and 
this  reduction  is  in  inverse  ratio  to  the  square  of  the  dis- 
tance. The  following  diagram  will  help  the  student  to 
comprehend  this  fundamental  law. 

Let  it  be  assumed  that  the  four  diverging  lines  in  the 
follo\ving  (Fij^.   1)  represent  the  rays  proceeding   from  a 


t  light  placed  in  the  centre  of  a  hollow  sphei-e  having  a 
radius  of  one  foot.  At  that  distance  a  certain  number  of 
the  rays  enclosed  within  the  lines  uill  illuminate  a  space  on 
the  interior  of  the  hollow  sphere.  If,  now,  the  shell  be 
removed  anil  another  having  a  radius  of  2ft.  be  put  in  it"* 
place,  then  the  rays  which  were  concentrated  upon  the 
space  on  the  inner  surface  of  the  smaller  shell  will 
now  illuminate  a  surface  ecjiial  to  four  times  that  size  on 
the  larger  shell,  and  therefore  the  intensity  per  unit  surface 
at  twice  the  distance  is  oiie-fourth,  or  inversely  to  the 
Hi|uare  of  the  distance.  In  the  same  way,  if  still  larger 
shells,  or,  what  i.s   the    same    thing,  sections    of    shells, 
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be  placei  in  position,  having  the  respective  railii  of  3ft, 
and  4ft.,  it  will  be  seen  that  tlie  same  rule  obtains. 
This  is  a  simple  poiut,  but  in  experimental  work,  away 
from  the  regulation  instruments,  it  is  absolutely  necessary 
to  clearly  comprehend  it. 

The  next  step  is  to  employ  some  means  of  estimating  the 
intensity  of  the  light  received  upon  a  given  surface.  This 
has  been  the  subject  of  veiy  numerous  expeiiments  with 
the  view  of  a:^ertaining  the  best,  especially  as  the  advanca 
of  scientific  accuracy  accompanied  by  the  legal  necessities  in 
relation  to  the  infliction  of  penalties  for  failure  to  comply 
with  statutory  requirements,  has  drawn  the  line  of  demar- 
cation between  "  good  "  and  "  bad  "  closer  and  closer  until, 
at  the  present  time,  tliffeifnces  in  the  estimation  of  a  light 
source  to  the  extent  of  only  a  fraction  of  a  pereentage  will 
involve  legal  penalties. 

Cumpttfieiin  of  two  Lights. — The  first  attempt  at  the 
measurement  of  the  degree  of  illumination  of  which  wo 
have  any  record  is  Marie's  obscuration  methml,  m  which 
he  employed  successive  pieces  of  glas,^  until  he  extinguished 
the  rays  from  the  light  nniler  examination,  and  then  esti- 
mated the  intensity  of  the  light  by  the  nunder  of  pieces  of 
glass  I'etpiii'ed.  In  1735  Celsius  observed  the  distance  at 
which  small  objects  became  invisible.  Bouguer  twenty-fivo 
years  afterwai-ds  employed  discs  of  tissue  paper,  which 
covered  circular  holes  in  an  upright  piece  of  pasU'boaiil, 
which  had  a  second  upright  piece  at  right  angles  to  the 
first  to  shield  the  respective  paper  screens  from  the  opposed 
liglits  which  were  placed  one  on  either  side  of  the  centre 
shield  at  various  distances  from  the  screen,  until  the  degree 
of  illumination  of  the  two  pieces  of  tissue  paper  ivas  equal, 
when  the  relative  intensities  of  the  light  were  calculated 
from  their  respective  distanees  from  the  sci-een. 

B'oucault's  method  is  practically  the  same,  but  the  two 
pieces  of  tissue  paper  are  replaced  by  glas-'*  coated  ^vith 
starch.  Regnault  used  stearine  in  place  of  the  stareh.  As 
will  be  seen  later  on,  this  is  practically  the  same  photometer 
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as   that   now   l>eing   used   for    testing    the    Lrmilon  coaJ- 
gas  supply. 

Hujgliens  used  a  tuhe  with  varying  apcrturts,  and  ob- 
ser\-etl  tJie  degree  of  i I  hinii nation  of  the  interior  of  the  tube 
as  an  index.  In  1792  Count  Runifoi-d  employed  a  rod  to 
throw  a  shadow  upon  a  screen,  and  compared  this  shadow 
witli  a  similar  one  thrown  by  the  opposed  light,  Herschcl 
employed  the  surfaces  o£  white  paper;  whilst  Ritchie,  in 
1S2G,  noted  the  degree  of  illumination  of  two  surfaces  of 
white  paper  inclined  to  one  another  at  an  angle  of  +.5', 
a  method  which  has  been  usefully  adopted  by  various 
observci-s  since.  Wheatstone  made  use  of  a  small  bright 
ball  mpidly  rotating  round  a  disc.  The  two  sides  of  the  ball 
were  thus  illuminated  rapidly  in  sntcession,  and  fonued  a 
brilliant  cirelc  of  light,  the  two  sides  of  which  were  of 
equal  brilliancy  when  the  instrument  wa.s  held  in  a  position 
at  which  the  two  sources  of  light  under  comijarison  afforded 
erpial  illuniination.  In  18+3  Bunsen  introduced  the  now 
all  but  generally  adopted  grea.sc  spot  photometer, 
In  this  instrument  the  disc  of  pajjcr  marked  with 
the  grease  spot  formed  one  side  of  a  box  in  which  was 
burning  a  small  gas  flame,  which  con.sequently  illuminated 
one  side  of  the  disc.  Tlie  revei-se  side  being  turned  to 
the  tight  under  lest,  the  distance  wa^  noted  at  which  oiiual 
illumination  of  the  two  sides  of  the  disc  was  obtained.  The 
position  of  the  lex  was  then  reveised,  so  as  to  face  the 
light  of  comparison,  and  the  observation  repeated.  The 
data  thus  obtained  were  then  employed  for  calculating  the 
value  of  one  light  in  terms  of  the  other. 

Tills  idea  was  elaborated  and  put  into  a  more  practical 
form  by  King,  who  arranged  the  greased  paper  disc  on  a 
travelling  carriage  caiTied  on  a  graduated  bar  placed  between 
the  two  lights  to  be  compared.  This  was  the  forerunner  of 
the  photometers  .so  generally  employed  at  the  present  thiic 
for  testing  the  horizontal  rays  emitted  from  gas  burners,  &c. 
The  alternative  to  the  grease  spot  of  Bunsen  is  that  of 
Lecson's  star  disc,  which  is   composed  of  three   pieces   of 


paper,  tlit-  CL-iitiv  one  being  stout  paper  perforatod  with  an  j 
aperture  in  the  fonu  of  a  star.  On  either  side  of  this  is  & 
piece  of  thin  tissue  paper  unpert'oratcd.  In  its  orifjinal 
form  the  ari-angeuient  was  at  times  very  faulty  in  consc- 1 
qucnce  of  the  buckling  of  the  papers,  with  the  result  that  i 
tlic  shadow  cast  by  the  tiiick  paper  on  one  or  both  of  the 
thin  papers  was  move  or  less  blurred  and  indistinct.  This 
was  remedied  by  the  wiiter  in  1880,  by  causing  the  three 
pieces  of  paper  to  adhere  togetlier  by  means  of  lice-watcr, 
when  they  were  dried  under  pressure  in  order  to  obtain 
the  disc  perfectly  flat.  Tliis  treatment  etfectually  prevented 
the  separation  of  the  papers,  and  caused  the  image 
of  the  star  to  be  thrown  into  sharp  relief.  The  improve- 
ment thus  effected  was  so  marked  that  the  gas  rcferei-a  fur 
the  metropolis  sanctioned  the  use  of  the  disc  for  oflicial 
testings.  The  great  advantage  of  this  fonii  of  disc  over 
that  of  the  greased  jjaper  is  that  by  its  meaas  lights  of 
difTcrent  colour  can  be  readily  coin[>arcd,  as  the  combined 
action  of  the  disc  in  casting  a  shadow  of  the  tliick  piece  of 
paper  on  the  thin  piece  on  either  side  respectively,  combined 
with  the  comparison  of  the  illuminated  surfaces  on  either 
side  by  means  of  the  opposing  lights  under  test,  aflbrds  all 
the  advantages  of  the  Rumford  shadow  method  with  that  of 
the  greased  paper  disc  of  Bunsen.  It  is  true  that  for  lights 
of  efjual  colour  the  Eunseii  disc  is  to  be  prefeiTcd  in  most 
casu.s,  but  for  lights  of  totally  different  colour,  such  as  that 
of  a  gas  Hamc  when  used  as  a  standard  for  measuring  the 
intensity  of  the  arc  electric  light,  or  the  light  of  a 
"Welsbach  incandescent  mantle,  the  advantage  of  the  star  disc 
is  veiy  great,  so  nmch  so,  in  fact,  that  in  certain  cases  it  is 
impossible  to  obtain  any  reliable  comparison  without  its 
use.  Various  other  suggestions  have  been  made  from  time 
to  time,  such  as  varying  the  angle  of  incidence  of  the  rays 
on  a  given  surraco — photfjgi'apliic  methods,  polarisation, 
spectroscopic  methods,  &c.  Draper,  in  1843,  employed  as 
an  index  of  the  degree  of  luminous  energy  the  extent  to 
which    the   gases   hydrogen  and  chlorine  were  caused   to 
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combine  by  the  intensity  of  tlm  %lit  rays.  An  electrical 
met]iu(l  was  employed  hy  Becquerel  in  1851,  who  measured 
the  intensity  of  a  liglit  by  means  of  the  elettiical  curi-ent 
generated  when  two  prepared  silver  plates  were  placed  in 
water  acidulated  with  aidphuric  acid  and  connected,  one  of 
the  plates  being  exposed  to  a  stronger  light  than  the  other. 
Siemens  and  Halske  proposed  to  utilise  the  fact  that  the 
electrical  resistance  of  selenium  is  diminished  by  the  action 
of  light.  Dr.  H.  Kruas,  of  Hambuig,  described  in  1888  an 
arrangement  of  prisms  by  Grosse,  in  which  the  method  of 
polarisation  was  employed,  and  in  which  the  mixing  of 
light  mys  of  different  colours  can  be  suitably  arranged, 
or  the  intensity  of  the  separated  rays  individually 
measured.  Professor  Joly  proposed  the  use  of  two 
ix-cl^>angular  blocks  of  spermaceti  placed  side  by  side,  so 
that  each  was  respectively  illuminated  by  one  of  the 
opposed  lights. 

As  the  use  of  the  greased  spot  of  Bunsen,  or  the  improved 
star  diic,  is  now  all  but  universal,  it  will  be  well  to  devote 
a  few  detailed  observations  with  regard  to  their  use. 

Th«  Bunsen  discs  generally  employed  in  England  arc 
made  by  compressing  tlie  piece  of  paper  between  two 
circular  metal  plates  which  hold  it  tirnily  in  the  centre. 
The  whole  is  now  revolved  at  a  high  speed,  and  whilst 
thu3  rotating  the  portion  of  the  paper  uncovered  by  the 
metal  is  plunged  into  a  bath  of  spenuaceti  or  wax  dissolved 
in  ether,  or  other  suitable  and  easily  evaporated  liquid. 
On  being  i-emoved  from  this  l>ath  and  allowed  to  dry,  the 
pajier  will  be  evenly  coated  on  the  outer  portion  with  wax, 
aud  thus  rendered  translucent,  leaving  the  centre  portion 
ojmque.  In  Qeiinany  the  discs  are  made  of  thinner  paper, 
having  three  rectangular  grease  patches  in  the  centre. 

Wltt-n  a  new  disc  is  first  usetl  it  should  be  caVefully  tried 
to  make  sure  tliat  the  indications  on  l»th  sides  are  the 
same,  as  it  not  inti-equcntly  happens  that  difl'eix-iit  readings 
arc  obtained  according  to  tlie  side  which  is  turned  to 
one  light  or  the  other.     If  the  indications  are  not  precisely 
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the  saiue  the  disc  shoulil  be  rejected  With  the  view  of 
facilitating  this  comparison,  the  author  an-anged  the  disc 
canier  on  liis  radial  pliotonieter,  hereafter  to  be  described, 
in  aiich  a  manner  that  it  could  be  readily  reversed  siuuiltane- 
ously  with  the  two  mirrors  which  are  employed  for  the 
purpose  of  enabling  the  obseiver  to  view  the  retlccted 
images  of  the  two  sides  of  the  (.U-^c  at  the  same  time.  The 
proposal  to  mount  the  disc  in  a  reversing  frame  was  not 
new,  having  been  employed  by  King  and  McMinn  pre- 
viously ;  but  as  the  introduction  of  the  mirroiw  by  Letheby 
led  to  another  source  of  error  in  consequence  of  the  pOBsi- 
Irility  of  unequal  reflection,  it  was  necessaiy  to  guard  against 
this  as  well  as  the  enx)fs  of  the  lUsc  itself.  For  this 
purpose  it  is  now  the  practice  to  take  two  sets  of  observa- 
tions, first  with  tlie  disc  and  mirrors  in  the  position  in 
whidi  they  may  happen  to  be  at  the  commencement  of  the 
test,  and  to  i-epeat  the-se  after  the  disc  has  been  rotated  on 
its  axis,  so  an  to  leverse  the  position  of  the  disc  in  regaid  to 
the  lights  under  test.  The  mean  of  the  two  sets  of  obser- 
vations is  then  taken  to  represent  the  true  reading  of  the 
photometer. 

In  view  of  tlie  fact  that  the  disc  is  coated  with  a 
material  particularly  liable  to  collect  floating  particles 
of  matter  in  the  atmosphere,  it  is  desirable  that  the  disc 
should  be  carefully  covered  when  the  instrument  is  not  in 
use,  a  precaution  which  was  prescribed  by  the  authorities 
having  control  of  the  gas-testing  airangements  in  the 
metropolis. 

Slunilarifs  of  Campariaon. — So  far  we  have  dealt  only 
with  that  part  of  a  photometer  which  enables  the  power  of 
a  given  light  to  be  compared  with  that  of  another  which  is 
employed  as  a  standard.  We  have  now  to  consider 
the  various  methods  which  have  been  suggested  with  the 
view  of  obtaining  a  reliable  standard  of  definite  value 
which  shall  be  available  under  all  conditions,  and  by  means 
of  which  all  artiticial  sources  of  illumination  may  be 
compared. 
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The  commercial  value  which  now  pertains  to  definite 
degrees  of  illumination  makes  such  a  standard  light 
a  necessity,  as  by  its  means  the  value  of  all  illuminants  can 
alone  be  ascertained.  All  coal  gas  and  electric  supplies  are, 
or  should  be,  subject  to  control  under  legal  restrictions,  and 
it  is  obvious  that  in  oi-der  to  ascertain  the  quality  of  the 
supply,  a  simple  and  reliable  source  of  light  must  be  readily 
available  for  the  comparison. 

In  17G0  Bouguer  proposed  the  use  of  candles  as  a 
standard,  but  he  did  not  define,  so  far  as  we  are  aware,  the 
kind  of  candle  to  be  employed. 

The  suggestion,  however,  was  not  barren,  as,  although 
numei-oas  substitutes  have  been  proposed,  candles  used 
under  defined  conditions  have  been  the  only  legal  standard 
of  light  in  England  up  to  the  present  time.  As  will  be  seen 
later  on,  the  writers  Pentane  Argand,  in  a  modified 
form,  is  now  being  introduced  for  legal  testings  of  the 
illuminating  power  of  the  London  gas  sujiply  by  agree- 
ment with  the  Gas  Companies,  but  outside  the  jurisdiction 
of  the  Metroix)litan  Gas  Referees  it  has  no  legal  force. 

The  parliamentary  standard  of  light  is  the  sperm  candle, 
weighing  six  to  the  pound,  each  burning  sperm  at  the  rate 
of  120  grains  per  hour.  It  was  fii-st  defined  in  the  Metro- 
polis Gas  Act,  18G0.  As,  however,  it  is  almast  impassible 
to  obtain  an  exact  rate  of  consumjition  ecjnal  to  120  grains 
of  sperm  per  hour,  the  Gas  Referees  have  specified  that 
when  the  consumption  falls  short  of  114  grains  per  hour,  or 
rises  above  12G  grains  per  hour,  the  candles  are  to  be  rejected. 

In  actual  work  the  rat<?  of  consumption  is  ascertained  from 
oljservations  of  the  time  re([uired  to  consume  a  definite 
weight  of  sperm,  generally  40  grains,  which  should  be  con- 
sumed in  ten  minutes.  If  this  time  be  less  than  9  J  minuter 
or  more  than  lOi  minutes,  the  rate  of  consumption  will  l»c 
outside  the  Referees  limits,  and  the  test  must  l>e  repeated* 
The  weight  of  a  single  candle  should  be  11G7  grains  nearly, 
but  this  varies  in  practice  by  about  20  grains.  The 
length    of   the   candle   is  about  Njin.,  measured  .from  the 
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shoukler.     Tho  diamuter  at  the  sIiouMlt  is  aliout  H-tL'utlis 
of  an  inch  ami  that  at  the  bottom  8i-tcnths. 

By  the  kindness  of  Messra.  Miller  and  Co.,  the  well-known 
makers  of  most  of  the  .standanl  candles  in  Enj^land,  the 
author  is  enabled  to  submit  the  following  definition*  of  wliafc 
they  understood  to  be  a  "standard  candle,"  according  to  the 
Act  of  1S60  :— 

"  We  think  that  there  can  be  no  doubt  that  at  tlie  tiuie 
the  Act  was  passed,  a  sperm  caudle  was  iindei-stood  to 
consist  exclusively  of  spermaceti  (the  product  of  the 
spennaceti  whale),  pure  white,  and  dry,  having  a  melting 
point  of  as  nearly  as  possible  10iJ°  F.,  and  to  which 
was  added  just  to  much  air-bleached  beeswax,  having  a 
melting  point  of  140°  F.,  aa  would  sulHce  to  break  the 
crystals  of  the  spermaceti ;  the  rate  of  combustion,  fixed  at 
1 20  grains  an  Iiour,  being  secured  by  a  pnjperly-pi-oportioned 
cotton  plait  serving  as  the  wick.  With  regard  to  tho  size 
of  the  candles  to  be  used,  we  have  never  attempted  to  make 
caudles  which  should  individually  weigh  ^  lb.,  as  we  have 
understood  the  intention  of  the  Act  to  be  to  indicate  that 
the  candles  to  be  used  should  be  those  known  in  tlic  trade 
as  'short  sixes,'  and  which  do  approximately  weigh  six  to 
the  pound." 

As  illustrating  the  variations  which  have  taken  place  in 

the   character   of    the    sperm    candle,   the    accompanying 

riate  I.  will  be  of  intei"est.     This  shows  the  number  and 

tightness  of  the  plaiting  of  the  threads  in  the  respective 

wicks  at  different  dates.     Tlie  figures  arc  reproduceil  fi-cm 

wicks  obtained  by  the  author  fi-om  candles  in  his  possiission. 

The  method  of  using  the  standard  caudle  is  as  follows: — 

Select  a  candle  from  a  packet  of  standard  sperm  candles, 

and  sec  that  it  is  straight,  and  the  wick  properly  in  iho 

centre.     Cut  off  the  sloping  top  of  the  candle  just  at  the 

bhouldfr.  and   then   carefully   divide  the  candle  into  two 

portion.9   of  equal   length   by   cutting   it   through  at   the 

middle.     ITie  two  ends  which  have  just  been  formed  by 

*   Vidt  '  Praclicul  Photomutry,"  by  the  Author. 
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tlie   cut   mii^t  be  trimmed  by  removing  a  portion  of 
sperm  fi-om  the  wick,  which  will  ho  exposed.     Thus  (Fig. 

The  two  new  wicks  &m  then  lighted, 
and  the  two  candles  mounted  in  a 
candle-holder  suspended  from  a  balance. 
When  the  candles  have  burnt  for  ten 
minutes  they  are  to  be  turned  round  in 
auch  a  manner  that  the  plane  of  the 
curvature  of  one  wick  is  to  be  perpen- 
dicular to  the  plane  of  the  curvature  of 
the  other  wick  (Fig.  ^).     Thus  :— 


0    Q 


The   object  of    this   regulation   is   to 
enaui'c  that  tlie  mean  position  of  the  twi 
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flauicH  shall  coincide  with  the  tcnuiual 
point  of  the  pliutometcr  bar,  whatever 
the    position    of     the    wicks    may    be,  ^'''  ^' 

Objection  hail  been  raised  to  the  practice  of  some 
photon  I  ctrists  in  setting  the  candles  in  such  a  ^waition 
that  the  edge  of  the  Hame  was  presented  to  the  photometer 
instead  of  the  side  of  the  flame,  with  the  result  that,  as 
pointed  out  by  the  writer  in  connection  with  his  researches 
with  the  radial  pliotometer,  the  volume  of  light  emitted 
from  the  edge  of  the  tiame  being  less  in  proportion  to  tliat 
from  the  flat  of  the  tlamc,  the  value  of  the  standard  candle 
light  was  vitiated,  and  the  apparent  value  of  the  flume  to 
be  measured  proijortionately  increased.  The  regulation 
referred  to  al>ove  was  made  on  the  suggestion  of  the  late 
Mr.  J.  Muthven,  who  gave  the  following  reasons  for  it  in 
a  paper  read  by  him  before  the  Southern  District  Associa- 
tion of  Gas  Engineers  and  Managers  on  November  14th, 
ISStl:— 

Ej:perimentt  on  tlu  Value  of  the  Light  of  CumUe  l'lamca.—\a 
making  the  followiiig  cxpcrimeDts,  the  light  value  o(  the  Home  of  the 
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candle  was  found  to  depend  on  the  pofiilion  its  wick  held  nith  regard 
to  the  di.ic.     It  must  be  observed  that  candle  llamefl,  tike  Daine!?  from 


fieh-teil  bamers,  poaseBB  a  flat  aide  and  an  end,  which,  I  think, 
drawing  No.  i    will  fairly    Kpreaent.    The  centres    ot  the  flftmes 
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occupied  one  Iwrmuial  of  the  photometer ;  and  the  candles  were  mov- 
able, flo  as  to  place  their  wicks  in  the  required  direction.  A  Kfethven 
screen  and  diBcbox  occupied  the  other  terminal,  provided  with  a 
snpp'S'  of  gas  of  constant  quality;  hut  as  the  screen  value  was  rather 
greater  than  tno  standard  candles,  the  luean  lighting  value  oF  the 
candles  appearing  low  must  be 
attributed  to  this  cause .  The 
following  figure!!  are  the  mean 
reaults  of  a  number  of  candles. 
Two  distinct  candles  were  used  on 


Light  Value 
at  Cuid1« 

H  Uuidurd 


both  Hicks  parallel 


both  wicika  at  right 
noglaa  to  pisne  of  disc 
oad   bent  awa;  from 

diac       : 

'.  Plane  of  curvature  of 
tioth  nicks  at  right 
ouglea  to  iilnne  of  diaa 
and  l>ent  towsrdi  the 


Taking  the  mean  light  value  of 
the  two  caodles  from  these  results 
aa  1'9T2  candles,  the  position  A 
gives  a  resujt  l-.IT  per  cent,  above 
the  mean;  position  13,  0-76  per 
cent,  below  the  mean  ;  whilst 
position  C  gives  1-97  per  cent, 
below  the  mean.  It  is  evident, 
therefore,  that  the  position  in 
which  the  wicks  of  the  candles  are 
placed  (although  the  centres  ot 
their  Hames  may,  hy  means  of 
an  adjustable  candle  balance, 
occupy  the  terminal  of  the  photometer)  must  cause  a  difference  in 
the  results  of  the  testing.  The  Referees  in  their  "  Instructions  "  state 
that  "  the  candles  are  to  be  so  placed  that  the  plane  of  the  curvature 
of  one  wick  shall  be  perpendicular  to  the  plane  of  curvature  of  the 
other  wick.''  There  are  several  positions  shown  on  Fig.  5, 
in  which  the  wicks  of  the  candles  may  be  placed  so  as  to  comply  with 
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these  "  Instraotions  "  ;  but  there  is  only  one  poBitioii  in  which  tSicy 
can  be  plctced  so  that  their  mean  lighting  value  ahonld  be  cvpoBsd  t^ 
the  disc,  and  that  jKisiUon  is  marked  0  on  the  diagram. 

This  alteration  of  poaition  of  the  candle  wicks  is  of  gveat  importance 
in  the  Evans  photometer,  where  the  index  on  the  scale  represents  the 
centre  of  tlie  candle.  Fig.  6  represcnta  graphically  the  error 
likely  to  arise  from  tbis  cause.  In  the  same  manner,  the  value  of 
the  candle  llomc  was  determined,  as  above  meutioaed.  The  valvie  of 
the  light  of  the  candle  flame  was 
observed  when  the  centre  ot  the 
candle  occupied  the  poxiCion  of  the 
teiroioal  of  the  photometer,  corre- 
sponding to  the  manner  in  which  it 
is  used  in  the  Evana  photometer. 
With  the  wicka  turned  from  the 
disc,  the  light  value  for  240  grains 
of  sperm  consumed  by  the  candles 
was  found  to  be  l-05:i  candle »< ; 
with  the  wicka  turned  towards  the 
disc,  the  light  value  was  '2-03'J 
candles.  Tbis  amounts  to  a.  differ- 
ence  of  i  per  cent.;  and  the  re- 
turned rcEulta  of  the  teatiog  will,  of 
course,  vary  to  that  extent  against 
the  gaa  when  the  wicks  are  facing 
the  disc,  and  in  favour  of  the  gas 
when  turned  in  the  opposite  dircc- 
Uon.  The  difference  on  the  dia. 
gram  is  represented  as  being  3-S 
pet  cent. — a  result  fairly  agreeing 
with  the  pbolometrical  resuUs. 
The  "Instructions"  ot  the  ReferteB 
provide  for  nearly  one-half  of  this 
possible  error;  but  to  make  thee 
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complete  the  poaition  shown  i 
Fig.  3  (No.  5)  should  be  adhered 
to.  If  candles  were  used  in  photo- 
meters in  this  position,  the 
variations  in  photomelrical  results  ■» .j "-"*■"■. —■"^  ■~»"-^'. 
whicfa  have  hitherto  been  ascribed  to  candles  woald  to  a  great  extent 
be  removed. 


Id  the  Bvuis  Fhntninelvr.  Tlit' 
■  IncnoHd  <m  Ph.itnmrti^ni  with 
r  tATB.    uul    uji|TuvIded   ttllh 


Tlif  candles  must  be  allowed  to  buru  until  tin-  "  cnps  arc 
fairly  dry,"  i.e.,  free  from  melted  sperm,  the  wicks  properly 
curved  and  their  ends  glowinr'  with  a  clcnn  red  heat. 
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In  Schedule  A,  Part  2,  of  the  Gasworks  Clauses  Act,  1871. 
it  is  stateil  tliat  "  tlie  candles  are  to  be  lighted  at  least  ten 
minutes  before  Ijcginning  each  testing,  so  a-s  to  arrive  at 
theii'  normal  rate  of  burning,  whieh  is  shown  when  the  wick 
is  slightly  bent,  and  the  tip  glowing." 

The  candles,  suspended  on  the  candle  balance,  are  then 
counterpoised  until  their  weight  is  a  tew  grains  heavier 
than  the  counterpoise.  A  stopwatch  or  clock  must  be  at 
hand,  by  means  of  which  the  time  observation  is  to  be 
made.  As  the  candles  bum  they  become  lighter ;  at  the 
moment  they  become  equal,  or  nearly  so,  to  the  counter- 
poise, the  end  of  the  beam  of  the  Ijalance  to  which  they 
are  suspended  will  rise.  As  the  indicator  of  the  balance 
passes  the  zero  mark  the  stopwatch  or  clock  is  started  and 
the  teat  commences,  A  forty-grain  weight  is  then  carefully 
dropped  into  the  pan  provided  for  the  purpose  imder  the 
candles,  when  their  end  of  the  lialance  beam  will  again 
descend,  thus  bringing  the  candle  holder  to  rest.  Thd 
readings  of  the  photometer  are  then  taken  at  intervals  of  a 
minute  during  the  succeeding  OJ  minutes,  at  the  expiration 
of  which  time  the  balance  must  be  again  carefully  observed. 
Aa  soon  as  a  rjuantity  of  sperm  equal  to  forty  grains  in 
weight  has  been  consumed,  the  candle  end  of  the  balance 
will  again  rise,  when,  as  the  indicator  again  passes  the  zero 
mark,  the  clock  is  stopped,  and  the  precise  time,  in  minutes 
and  seconds,  which  has  been  occupied  by  the  burning  of 
the  forty  grains  of  sperm  noted. 

The  correction  for  the  consumption  of  sperm  is  then 
made  by  a  "  rule-of-three  "  sum,  thus,  if  forty  grains  of 
sperm  were  consumed  in  10  niin.  17  sec.,  we  have : — 

10  min.  17  sec.  or  U17  sec.  :  40  :  :  COO  :  m  =  38-0. 
For  convenience  in  practice  a  table  is  generally  kept  handy 
for  reference.     {See  Appendix.) 

Tt  is  assumed  that  the  light  intensity  varies  in  the  ratio 
of  the  sperm  consumed,  and  the  actual  rate  of  consumption 
having  been  thus  ascertained,  th(!  moa-sured  intensity  of  the 
opposed   light   under   ti.'3t  must   be  corrected  accordingly. 
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As  two  canilles  were  eniployoil  in  the  oporation,  the  result 
must  l>o  multiplied  by  two.  Thus:  the  readings  on  the 
photometer  liar  being  tii'st  nmltiplied  by  two,  must  then  I<c 
corrected  in  the  rR,tio  of  the  sperm  consumed  by  the 
candles,  •!.€.,  if  the  sperm  consumed  was,  as  aliove,  3S!) 
grains  in  ten  minutes  instead  of  40  grains,  the  candles  were 
giving  too  little  light,  and  the  apparent  value  of  the  light 
imder  test  would  bo  too  high,  therefore  it  must  be  corrected 
in  the  ratio  of 

obseiTed  .  corrected 
'     value.    ■     value. 


40  :  38-9  : 


As  will  be  seen  later  on,  this  tedious  method  is  now  being 
displaced  by  the  more  exact  and  simple  method  introduci^d 
by  the  author  in  connection  with  the  Pentane  Argand 
standan.1,  by  means  of  which  all  these  correction.^,  &c.,  are 
done  away  with,  and  readings  can  be  taken  on  the  photo- 
meter Ijar  direct,  and  require  no  correction  so  far  as  the 
standard  of  light  is  concerned. 

The  French  standard  is  the  Carcel  lamp,  in  which  refined 
colza  oil  b  consumed  at  the  rate  of  42  grammes  per  hour. 
This  was  introduced  in  1800,  and  is  the  legal  standard  in 
that  country  at  the  present  time,  having  held  its  own 
against  all  competitors.  The  value  of  this  standanl  is  c'lual 
to  9'5  of  our  parliamentary  standard  sperm  candles.  The 
wick  of  the  Cai-cel  lamp,  so  named  after  its  inventor,  is 
annular,  as  first  devised  by  Argand.  The  oil  is  forced  up 
from  the  reservoir  in  the  body  of  the  lamp  by  means  of  a 
small  pump  actuated  by  clockwork.  The  following  instruc- 
tions for  its  nse  are  thiwe  of  M.  Monnier,  who  gives  them 
in  his  "  Etude  sur  Ics  Etalons  PIiotom(?triques  " : — 

"  The  conditions  to  Iw  observed  when  testing  with  the 
Carcel  lamp  are  by  no  means  definite,  as  each  lamp  must 
firet  be  tested  before  being  u.sed  as  a  photometric  standanl. 
Tlie  rule,  however,  is  that  the  height  of  the  wick  and 
chimney  must  first  be  arranged  so  tliat  the  consumption 
of  the  oil  is  within  the  range  of  38  and  4C  grammes 
of  oil  per  hour ;   but  for  exact  experiments  it  is  preferable 


to   restrict   Uif 


Hi 


lietw 


1  40  and  -tt  "i-aiiijucs 


mi    iiiaiiikiiiii    tlx.'    cuiii^iniiptio 


Tlie  li!<ht  g 


1  by 
the  lamii  is  correcteil  on  the  assumption  tliat  +2  iriaiumeM 
of  oil  per  hour  ci^uals  one  '  Carcel.' " 

Experiments  hy  MM.  Atidonin  and  Berard  ahoWj 
firstly,  that  an  increase  in  the  height  of  the 
up  to  10  luni.  augments  the  consumption  of  the 
oil  as  well  as  the  intensity  of  the  light ;  and  that  beyond 
that  point  loth  the  consumption  of  oil  and  the  intensity  of 
the  light  diminish.  Secondly,  that  the  elevation  of  thi 
con.stvicted  portion  of  the  chimney  tends  to  augment  the 
consumption  of  the  oil  in  increasing  ratio ;  but  that  there 
is  a  point  where,  although  the  consumption  continues 
inci-ease,  the  intensity  diminishes.  Consequently,  there  ii 
a  height  of  the  glass  chimney  which  corresponds  to 
maximum  illuminating  power  of  the  lamp. 

For  each  experiment  a  new  wk-k  Ls  neces.sary,  which 
must  be  cut  level  with  the  wick  holder.  The  lamp,  i-eplen- 
ished  with  oil  up  to  the  level  of  the  gallery,  must  he 
allowed  t<"i  burn  for  half  an  hour  liefore  ctuiimencing  the 
experiment. 

'Die  height  of  the  wick  must  be  from  S  mm.  to  10  mm., 
and  the  shou!d(;r  of  the  glass  alH)ut  7  mm.  above  the  wick, 
and  that  of  the  flame  about  3(1  mm.  The  calculations  fur 
correction  of  the  light  from  the  observed  consumption  of 
oil  are  facilitated  I'v  the  use  of  a  table  given  in  the 
appendix. 

In  1808  Murdoch  used  a  standard  tallow  candle  weighing 
six  to  the  pound,  and  burning  at  the  rate  of  17-J  grains  per 
hour. 

In  1824  Ritchie  introduced  wax  candles. 

In  1803  Zincken  suggested  paraffin  candles,  which  he 
burnt  at  the  rate  of  llo-2  grains  per  hour.  These  are  now 
employed  as  the  German  standard,  having  been  adopted  hy 
the  Qennan  Association  of  the  Gas  and  Water  Profession  in 
1S72,  when  they  were  defined  as  fullow.s: — ■"  The  iiaraffin 
candles  made  for  the  Association  uniler  the  supervision  of. 
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a  Special  Committee,  arc  issued  by  the  manager  at  cost 
price.  Ten  candles  weigh  500  grammes.  Each  candle  lias 
a  true  cylindrical  form  and  a  diameter  of  20  nnn.,  and  is 
made  of  the  purest  possible  paraffin,  with  an  addition  of 
2  per  cent  of  stearine.  The  point  of  solidification  is  55°  C. 
The  wick  is  plaited  of  24  cotton  threads,  as  uniformly  as 
possible.  One  metre  of  wick,  in  a  dry  condition,  w^eighs 
0*688  grammes.  A  red  thread  in  the  wick  distinguishes 
the  Association  candle  from  others. 

The  flame  of  the  candle  when  used  for  photometric  tests 
should  have  a  height  of  50  mm.,  measured  from  the  coui- 
mencement  of  the  ilanje  at  the  wick  to  the  point.  To 
obtain  this  height  the  lio:hted  candle  should  be  allowed  to 
burn  quietly  until  an  even  cup  of  liquid  paraffin  is  formed. 
By  carefully  snuffing  the  wick,  if  necessary,  the  flame  is  to 
be  brought  to  the  height  of  50  mm.,  and  maintained  thereat. 
In  this  condition  the  consumption  of  paraffin  amounts  to 
7  7  grammes  per  hour. 

The  most  suitable  temperature  of  the  room  in  which  the 
photometric  measurements  are  made  is  that  of  14°  Keaumur 
=  (175°0.)  =  63-5°  F. 

In  1865  Fiddes  proposed  the  use  of  an  Argand  gas 
flame  surrounded  by  an  opaque  chimney  having  an 
aperture  of  jin.  in  diameter  at  about  the  middle  of  the 
flame. 

In  186S  Crookes  constructed  a  lamp  fitted  with  a  platinum 
wick,  with  which  he  burnt  a  mixture  of  alcohol  and  benzol. 

In  1867  Bowditch  proposed  the  use  of  a  carbonic  oxide 
flame  rendered  luminous  by  the  vapour  of  pure  naphtha- 
lene. 

In  1869  Keates  proposed  his  original  pattern  of  a 
moderator  lamp  burning  sperm  oil.  This  was  adjusted  to 
a  value  of  ten  candles,  but  was  afterwards  modified  by 
Sugg  so  as  to  give  a  light  equal  to  sixteen  candles  when 
burning  the  oil  at  the  rate  of  925  grains  per  hour. 

In  1874  Von  Wartha  suggested  a  flame  obtained  by  the 
burning  of  ether, 
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3i3  Pentane  Stnndanl. 

Ill  1877  A.  (i.  Vcmon  Harcourt  dovisod  the  1-candle 
pentane  lamp,  in  which  a  mixture  of  air  and  the  vapour  of 
pentane  was  oonsumeit  at  a  given  rate.  The  following 
description  is  taken  from  Mr.  Harcourt's  paper,  read  before 
the  Physical  ami  Chemical  Sectioas  of  the  British  Associa- 
tion at  Plymouth  in  1S77;— 

For  the  Htandard  combuBUble,  I  emplo;  a  mixture  of  sir  with  that 
portion  of  Aiucrioan  petroleum  which,  after  repeated  rectification, 
distils  at  a  temperature  not  eiceeding  50^  C.  This  liquid  ooDBistB 
almOBt  entirely  of  pentane,  the  fifth  member  ol  the  series  of  paraflSns, 
I  have  raade  throe  or  four  analyses  of  the  liquid,  which,  though  they 
Bcarcely  distinguish  between  pentane  and  the  adjoining  hydro-earbona 
of  the  same  serieB^the  proportion  of  earboo  to  hydrogen  being  in 
pentane,  carbon  e3'3,  hydrogen  16-7;  and  in  hexane,  carbon  83-7, 
hydrogen  lC-3^would  reveal  the  presence  of  email  quantities  of 
liydro-carbonB  richer  in  carbon.  I  have  also  determined  the  vapour 
density  of  the  liijuid.  The  density  of  gaseous  pentane  compared  with 
hydrogen  ia  86 ;  that  of  hcxonc  4J.  I  find  the  vapour  density  of  the 
liquid,  d:B  illed  twice  below  CO-  C,  to  be  .'i7.  The  lighter  portions  of 
purified  American  petroleums  have  been  carefully  examined  by 
Roaalda,  Cahours.  Warren,  Schorlenimer,  and  other  cbemieta,  and 
have  been  found  to  consist  of  the  following  hydro-carbons : — Tetrane, 
boiling  between  i  and  0,  and  having  a  epecilio  gravity  of  0'6^  at  0°C.; 
two  isomeric  pentanes,  one  boiling  at  BO^  and  the  other  at  87^  and 
having  at  17  a  specific  gravity  of  0'626  (Schorlemmer),  0'62^ 
(Cobours),  the  proportion  of  whicb  appears  to  vary,  since  the  hydro- 
carbon separated  by  Cahoura  boiled  at  SO-,  while  Schorlemmer  states 
that  the  pentane  in  the  samples  examined  by  him  consisted  almost 
wholly  ol  the  variety  boiling  between  37'  and  39°;  heuane,  which 
boils  at  118°  C,  and  has  a  specific  gravity  at  16"  C,  of  0'6fl9.  The 
liquid  I  use  has  a  specific  gravity  which  has  only  varied  in  different 
aamples  between  0'(i29B  and  0'63,  except  in  one  case,  in  which, 
probably  owing  to  the  temperature  of  distillation  having  been  allowed 
to  rise  too  high,  it  was  0'G81.  It  would  not  be  difficult  by  rectifying 
at  40'  to  obtain  almost  absolutely  pure  pentane.  But  I  do  not  think 
it  necessary  to  limit  the  distiilation  to  this  temperature,  because  the 
yield  at  HO'  is  rather  larger,  and  it  seems  hardly  possible  that  the 
admixture  of  a  small  and  nearly  constant  proportion  of  a  substance  so 
little  diEferent  as  hexane  can  affect  the  quality  of  the  liquid  as  a  com- 
bustible. AIeio  I  ^nd,  having  distilled  ten  or  twelve  samples  of  the 
liquid,  using  about  three  litres  each  time,  that  I  get  a  constant  specific 
gravity.* 
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Air-yas  is  prejiaiHid  from  thia  pentanu  in  the  fullowing 
manner: — 

"  By  allowing  a  measui-eil  volume  of  tliis  liiiuid  to  diffuse 
into  anJ  mix  with  a  measured  volume  of  air  in  the  pi-opur- 
tion  u£  tlirec  cubic  inches  of  the  liquitl  to  every  cubic  foot 
of  air  under  an  atmaspherie  pi-essure  of  liOin,  of  mercury, 
and  at  the  temperature  of  60°  F.,  a  standard  air-gas  may  bo 
pi-cpared  in  any  required  quantity. 

"A  small  gasholder  w  employed  for  the  mixture  of  the  pen- 
tane  and  air.  When  three  cubic  feet  of  air  and  nine  cnbic 
inches  of  light  petroleum  are  used,  the  total  vohinie  of 
standard  air-gas  formed  is  405  cubic  feist.  The  oljserva- 
tion  of  this  volume  serves  aa  a  check  on  the  preparation  of 
the  standard  air-gas.  Allowing  a  marijin  of  1  percent,  each 
way  for  small  eiTors  in  measuring  and  making  the  gas,  and 
for  variations  in  the  vapour  density  of  the  rectified  petroleum, 
I  would  propose,  in  defining  the  standard  air-gas,  to  require 
that  the  volume  produced  from  thi-ee  cubic  feet  of  air  and 
nine  cubic  inches  of  petroleum  (specific  gravity  0628 — 0031) 
shall  not  be  less  than  401  nor  more  that  40!)  cubic  feet.  The 
pas  thus  prepai'ed  is  subjected  to  a  further  control  by  the 
requirement  that  its  rate  of  burning  from  a  Jin,  oiifice  to 
produce  a  2-;-in.  flame  must  not  be  less  than  0'4b  nor  more 
than  052  cubic  foot  per  hour." 

This  suggestion  of  BIr.  Harcouit's  was  recommended  for 
adoption  as  the  legal  standanl  by  the  Boanl  of  Trade  Com- 
mittee on  Photometric  Standards  in  lfSfil,bythe  Control- 
ling Authority  under  the  Acts  relating  to  the  testing  of  tlie 
gas  in  the  metropolis,  and  by  the  Standards  of  Light  Com- 
mittee of  the  British  Association ;  but  the  Hoard  of  Tmdo 
Committee,  appointed  in  1S91,  to  inquire  into  and  report 
upon  the  subject  of  the  standards  to  be  used  for  testing  the 
illuminating  power  of  coal  gaa,  did  not  adopt  that  view, 
as  will  be  seen  later  on. 

In  1878  Methven  proposed  his  slotted  screen.  This  was 
a  modificatioa  of  Fiddes'  Aperture,  which  Methven  now 
made    rectangular    instoacl    of    circular.      In    the  original 


CompariBon  of  Proposed  Standi 


form  of  the  applia 


1  piaiii  coal  gas;   but  siilise- 


t[uu'ntly  lie  enriched  the  gas  witli  the  vapour  of  pei 
and  reduced  the  size  of  the  slot  through  wliieh  the  liglit 


I  Loth  these  fonr 


the 


!  photometer 

proposal  met  with  much  favour.  Shortly  afterwards  Sugg 
put  forward  an  instrument  which  had  for  some  time 
previous  been  in  daily  use  in  his  busincs.?  for  testing  the 
illuminating  power  of  huruevs,  viz.,  the  "  ten -candle  test." 
In  this  arrangement  tlie  top  of  a  small  Argand  flame  is  cut 
off  by  a  screen  in  the  manner  described  by  the  writci'  in  the 
course  of  a  discussion  at  the  Society  of  Arts  in  1H82,  as 
having  been  employed  by  him  for  the  purpose  of  obtaining 
a  steady  light  when  standardising  the  "  Keats  lamp."  The 
light  from  the  bulk  of  the  llame  is  employed,  Jneludinj;;  the 
"  blue,"  or  lo%ver  portion,  whereas  Methven  and  Fiddes  em- 
ployed only  a  small  portion  of  the  brightest  part  of  the 
centre  of  the  flame. 

In  July,  18S4,  the  writer  wan  instructed  by  the 
Special  Puiposes  and  Sanitary  Committee  of  the 
late  Mctn)politan  Board  of  Works  to  carry  out  a 
systenmtic  series  of  tests  with  the  view  of  ascer- 
taining the  most  suitable  substitute  for  the  standard 
sperm  candle.  In  the  course  of  these  investigations  he 
found  that  by  mollifying  the  construction  of  the  "ten- 
candle  test"  so  as  to  enable  it  to  burn  a  mixture  of  ix-ntane 
and  air,  a  far  more  itdiablc  standard  was  obtainable  than 
Iiy  any  one  of  the  other  systems  proirosed.  The  necessary 
alterations  were  therefore  njade  by  Mr.  Sugg,  and  the 
burner  was  mounted  on  a  earbuii;tter,  such  as  that  us'.'d  by 
Methven  for  carbiiretting  the  coal  gas  supplied  to  his 
modified  form  of  slot  au  mentioned  above,  but  instead  of 
gas  being  supplied  to  the  burner,  atmospheric  air  was  sent 
directly  over  the  pentane  in  the  carburetter,  with 
the  result  that  an  air-gas  was  produced,  which,  when 
burnt  in  the  burner  at  a  definite  height  of  (tame,  gave  a 
standard  far  sui^passing  all  others  both  in  accuracy  and  ease 
of  manipulation  (Fig,  7). 
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Tlii.s  proposal  was  accordingly  oxamined  liy  tlic  KoanI  of 
Trade  Committee  appointed  in  December,  ISHl,  who 
TL-poi-ted  in  Mardi,  lS!)j,  as  follows  :^ 

"  (5)  We  Had  that  the  one-wadle  light  flame,  as  propoeeil  by  Mr. 
Ilaruourb  as  giving  a  standard  light,  and  comtnool;  linown  ns  tbc 
'  Harcourt  pcntane  iur*ga3  flame,'  when  used  under  the  condilioits 
defined,  does  constitute  a  very  exact  standntd,  capable  of  being  repro- 
duced at  any  time  vrithout  variation  of  illuminative  value." 

"  1,6)  Vie  have  satisfied  oureeliea  that  the  light  given  by  Mr.  Uar- 
ooutt'H  above  mentioned  pentane  air-gas  flame,  as  defined  in  respect 
to  the  conditions  of  its  production  in  the  Appendix  (Section  111),  is 
a  true  representative  of  the  average  light  furnished  by  the  sperm 
candle  flame  couHtituting  the  present  standard,  ^ince  10711,  when 
the  pentane  air-gas  dame  was  first  introduced,  many  series  of 
expcritDcnts  have  been  made  by  diETeront  observers,  in  which  the 
tight  of  the  proposed  standard  has  been  compared  with  the  light  of 
the  standard  s{)criii-candle  llame,  with  the  result  that  In  those  aeries 
of  experiuiente  in  which  the  height  of  the  pentane  airgas  llamc  was 
adjusted  strictly  according  to  the  directions  given  in  the  Appendix, 
(he  light  aflordcd  by  this  llanie  was  found  to  agree  exactly  with  the 
mean  result  afforded  by  the  standard  flame.  In  other  series  of 
experiments,  indeed,  in  which  a  slight  variation  was  made  in  the 
mode  ot  adjusting  the  height  o(  the  pentane  air-gas  flame,  some 
discrepancieH  in  the  direct  results  furnished  by  the  comparison  of  its 
tight  with  that  of  the  standard  candle  flame  were  observed  ;  but  in 
these  several  series  of  experiments  also,  when  the  necessary  correc- 
tion called  for  by  the  dilTcrencc  in  the  mode  of  adjustment  resorted 
to  was  mode,  the  light  ot  the  pentano  air-fjas  llamo  was  found  to 
accord  closely  with  the  mean  result  atlordcd  by  the  standard  llame." 

■'  (71  Inasmuch,  however,  as  there  is  a  practical  odvuntage  in 
comparing  directly  the  light  of  such  a  coal-gas  flame  as  is  usually 
teslcd—^being,  that  is,  of  about  a  Itt-candle  light  value— with  a  light 
appmximatiog  somewhat  in  value  thereto,  we  have  further  submitted 
to  careful  examination  the  llame  of  the  lO'Candle  light  pentane 
Argand  proposed  as  a  standard  by  Mr.  W.  J-  Dibdin  in  1886.  This 
flame  ia  produced  by  burning  a  mixture  of  air  and  pentane  vapour 
from  a  suitable  Argand  burner,  provided  with  an  opaque  screen,  by 
wliich  the  hgbt  from  the  upper  portion  of  the  tlomo  is  cut  olT.  The 
screen  being  set  at  a  definite  height,  it  was  found  by  Mr,  Dibdin  that, 
owing  to  a  compenaating  acUon  affecting  the  lower  or  exposed 
portion  of  the  llame.  the  luminosity  of  this  portion  of  the  flaiiio 
remains  constait  even  under  considerable  variations,  whether  in  the 
total  height  of  the  flame  or  in  the  proportion  of  the  pentane  vapour 
to  air  in  the  mixture  burnt.  ^Vlth  a  view  to  simplify  the  construc- 
tion of  the  Argand  burner  furnishing  a  cut-off  flame  of  this  constant 
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Inminoaitji  we  have  tried  various  cbsoges  in  the  form  of  the  cone 
uid  in  the  diviBioo  of  the  air  supply  to  the  flame,  but  in  every  case 
we  have  found  the  original  burner,  ae  supplied  by  Mr.  Sugg  for  the 
purpose,  to  give  more  Hatisfactory  results  than  the  modified  [orma." 

"  (M)  The  amount  of  light  emitted  by  the  portion  oE  the  Dibdin 
Argand  pentane-atr  llame  that  is  used  in  photometry,  being 
dependent  on  the  distance  above  the  steatite  ring  of  a  screen  by 
wbich  the  upper  part  ot  a  llame  is  cut  off,  we  have  come  to  the  con- 
cluaion  that  when  the  bottom  of  the  screen  is  fixed  at  a  height  oE 
2'15ia.  (^i'G  mm.)  above  the  top  of  the  steatite  ring,  the  amount  ot 
light  emitted  by  the  lower  portion  of  the  flame  is  substantially  equal 
to  ten  times  the  average  light  of  a  standard  sperm  candle  flame,  or 
to  ten  times  the  light  of  Mr.  Harcourt's  one-candle  light  pcntanc  air 
gis  flame." 

"(0)  We  have  further  satisfied  ourselves  that  any  number  of 
Dibdin  Argand  burners  may  be  prodmied,  liaving  the  (orm  and 
dimensiona  set  forth  in  the  Appendix  (Section  IX,),  and  that  these 
several  burners,  when  used  in  the  manner  there  defined,  may  be 
depended  upon  to  furoish  a  Dame  giving,  when  duly  Ecreencd  at  the 
top,  ten  times  the  average  amount  of  light  given  by  an  average 
sperm  candle." 

"(10)  We  therefore  recommend  that  the  pentane-oir  flame  fur- 
nished by  a  Dibdin  Argand  burner,  having  the  form  and  dimensions 
Bet  forth  in  the  Appendix  (Section  IX.),  and  used  in  the  wanner  there 
defined,  be  accepted  as  giving  the  light  ot  ten  standard  candles,  and 
tbat  this  flame  be  authorised  and  prescribed  for  official  use  in  testing 
the  illuminating  power  ot  the  gas  supplied  by  the  London  gas  com- 
panies." 

"{Ill  We  further  recommend  that  sealed  apocimens  of  the  burner, 
the  carburetter,  and  the  pentane  for  use  therewith,  duly  certified 
by  the  Gas  Ileteroea,  be  deposited  with  the  Board  ot  Trade,  and  also 
in  such  places  and  in  the  care  of  such  persona  aa  the  Board  ot 
Trade  may  direct,  to  be  available  for  the  purpose  of  compariaon,  in 
the  event  ot  any  ijuestion  arising  aa  to  whether  the  ijentane.air  llame 
of  some  particular  burner  does  or  does  not  alTord  the  same  amount 
of  light  aa  that  now  proposed  for  adoption  as  a  standard." 

"(12)  With  a  view  to  making  some  provision  for  future  possible 
Improvements  and  requirements,  wo  further  recommend  that  the 
Gaa  Itefereea  be  authorised,  should  they  at  any  time  see  fit,  to 
approve  and  certify  for  use  in  gaa  testing  any  other  Haiiie  based  upon 
the  lO-eandle  standard  defined  above,  which  they  may  coDsider 
suitable  for  the  purpose,  whether  produced  !□  a  like  or  unlike  way, 
and  whether  having  the  same  or  a  difl'erent  nmltiple  value ;  such 
other  fltutic,  however,  not  to  be  used  for  gas-testing  nnless  approved 
by  the  Board  ot  Trade,  and  unless  the  gas  companies  give  their  ^ 
consent  to  its  adoption  as  a  standard." 
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After  souie  four  years'  debate  on  this  ixipoii, 
tho  recommendatioiiH  of  thu  Committfe  are  now  being 
carried  into  effect.  The  form  of  chimney  used  with  tbo 
burner  as  tiled  by  the  Committee  has  been  replaced  with 


Fig.  7-— W.  J.  Dibdifi'i  Pintanc  Argand  and  Carburelter. 

an  L'lunyated  iiictal  oiif,  having  an  opening  towai'tls  the 
photometer  disc,  with  the  view  of  it.'niovinj:(  one  of  the 
objections  that  had  been  raised  to  the  glass  chimney  which, 
if  not  pci-ftctly  true  all  round,  would  be  liable  to  materially 
affect  the  intensity  of  tlie  light  emitted  in  the  dii"ection  of 
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tlic  jiliotoinctor.  ISy  allowing  the  raj.s  to  pass  direct  witli- 
oiit  the  interposition  of  ylass  tliis  danger  in  avoided. 
Another  alteration  has  been  made,  in  tliat  instead  of  the 
current  of  air  passing  over  the  pentane  contained  in  the 

resLT\'oii"  or  carburetter,  the  latter  is  now  raised  to  a  point 


(ibove  the  level  of  the  burner,  fioni  whence  it  is  found  that 
the  mixture  of  air  and  pentane  automatically  flows  down- 
wards by  the  action  of  gravity  to  the  burner,  thus  doing 
away  with  the  necessity  for  the  use  of  a  small  gasholder  to 
contain  and  force  the  air  under  pressure  to  the  carburetter 
(Fig.  H).  The  es'-ential  feature,  as  designed  by  tlic  writer,  how- 
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ever,  remains,  viz.: — That  the  intensity  of  the  light  is  to  a 
great  extent  controlled  by  the  use  of  the  screen,  which  cuts 
off  the  rays  from  the  top  portion  of  the  flame,  this  being 
the  principle  of  the  system,  which  permits  of  the  remarkable 
self-compensating  action  enabling  the  arrangement  of 
burner  and  screen  to  afford  a  constant  light  under  consider- 
able differences  of  temperature,  height  of  flame,  and  variation 
in  the  composition  of  the  combustible  gas  with  which  it  is 
fed. 

TheaiTangemenb,  as  recommended  by  the  Board  of  Trade 
Committee,  is  fully  described  in  the  appendix  to  their 
report.  The  accompanying  illustrations  of  the  author's 
design  of  the  Pentanc  Argand  (Fig.  *J)  and  the  modification 
designed  by  Harcourt  (Fig.  8)  will  serve  to  show  the  nature 
of  the  system  and  the  alterations  since  made  therein. 

In  1884  Herr  Von  Hefner-Alteneck  proposed  the  amyl- 
acetate  lamp,  which  has  met  with  much  approval,  especially 
in  Germany.  It  is  a  simple  form  of  spirit  lamp,  giving  a 
flame  of  40  millimetres  in  height,  cau^^ed  by  the  combustion 
of  amyl-acetate,  better  known  in  commerce  under  the  name 
of  "  pear  oil.'*  The  illuminating  power  of  the  flame  is  said 
to  be  e<|ual  to  one  standard  candle ;  but  in  the  course  of  his 
rchcarches  the  wiiter  has  found  it  necessary  to  raise  the 
height  of  the  flame  to  ol  millimetres,  or  2in.,  to  obtain  the 
light  of  an  avei^age  sperm  candle.  The  objection  to  this 
stanilard  by  English  photometrists  is  based  on  the  re<l 
colour  of  the  flame,  which  renders  equal  readings  of  the 
disc  by  different  operators  a  matter  of  uncertainty. 

In  1843  Draper  proposed  to  use  platinum  wire  raised  to 
incandescence  by  a  current  of  electricity. 

In  1880  Violle  employed  the  light  emitted  from  a  cubic 
centimetre  of  platinum  at  the  moment  of  its  greatest 
brilliancy — when  just  beginning  to  solidify  after  being  in  a 
molten  state.  This  system  was  at  one  time  recommended 
by  a  congress  of  electricians  which  met  in  Paris,  but  a  similar 
congress  subsequently  rejected  it,  recommending  the  adher- 
ence to  the  Carcel  lamp. 
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Numerous  other  proposals  have  been  made  from  time  to 
time,  but  they  are  all  more  or  less  modifications  of  the  fore- 
going, or  have  nothing  sufficiently  characteristic  or  promising 
about  them  to  warrant  their  more  particular  notice.  For 
instance,  the  Dutch  Photometric  Commission,  after  a 
laborious  examination  of  the  different  proposals,  came  to 
the  conclusion  that  a  lamp  of  practically  identical  pattern 
with  that  adopted  by  Harcourt  for  a  portable  form  of  his 
one-candle  standard  was  the  best,  but  instead  of  burning 
pentane  in  it  they  used  a  mixture  of  ether  and  benzol,  and 
called  the  arrangement  the  *'  A  B  "  lamp.  As  mentioned 
above,  Crookes,  in  1868,  proposed  a  mixture  of  alcohol  and 
benzol. 


CHAPTER    II. 


PnOTOMETEltS. 

Having  now  discussed  the  two  essential  parts  of  the 
pbotomettT,  viz.,  the  disc,  as  it  is  commonly  termed,  or 
actual  means  of  comparisoD,  and  the  standard  of  light 
with  which  the  light  mider  test  is  to  be  compared,  it  will 
now  bo  advisable  to  describe  the  different  forms  of  instru- 
ments in  which  these  two  essentials  are  mounted  for  their 
more  convenient  use. 

The  complete  instrument  known  as  a  "  photometer,"  or 
light-measurer,  comprises  sevei-al  parts,  viz.,  first,  the  dise, 
or  that  portion  of  it  by  means  of  which  the  light  imder  teat 
is  to  be  compared  with  the  standaitl  light;  secondly,  the 
standard  light  itself;  and  thirdly,  the  scale  by  means  of 
which  the  readings  arc  taken.  We  have  already  discusser! 
the  two  first  essential-s,  and  have  now  to  consider  the  thiitl. 
ITiis,  however,  assumes  such  varied  forms  that  it  is  impos- 
sible to  describe  it  without  more  fully  considering  the 
different  forms  of  instniments  which  in  their  entirety  con- 
stitute a  "  photometer." 

Most  of  the  instruments  of  this  kind  ai-e  intended  solely 
for  the  purpose  of  testing  the  rays  emitted  from  a  radiant 
in  a  horizontal  direction,  but  the  necessities  of  modem  im- 
provements have  rendered  this  comparatively  simple  system 
all  but  useless  for  many  purposes,  and  it  was  in  order  to 
place  in  the  hands  of  the  photometrical  expert  a  thoroughly 
reliable  and  convenient  instrument  that  the  writer  devised 

I  the  radial  photometer,  by  means  of  which  the  intensity  of 
the   light   emitted   in   any   direction   can   be   i-eadily   and 
accurately  measured 
Before  describing  this  instrument  it  will  be  advisable  to 
refer  lo  those  intended  for  testing  hori/.oiital  lays  only  ; 
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then  to  tlie  radial  photometer  and  others  founded  upon  it ; 
and,  finally,  to  such  instruments  as  those  of  Sugg  and 
Trotter,  for  measuring  the  degree  of  illumination  upon  pave- 
ments, &c.,  in  situ. 

King*8  Photometer. — This  instrument  was  an  adaptation 
of  Bunsen's  photometer  for  testing  the  illuminating  power 
of  coal  gas.  It  consisted  of  a  wooden  bar,  lOOin.  in  length, 
mounted  on  supports.  The  liar  was  graduated  to  indicate 
the  relative  intensities  of  two  lights,  one  at  either  end  of 
the  bar,  so  that  when  the  Bunsen  screen,  which 
was  mounted  on  a  travelling  carnage,  showed  equal 
iHumination  on  its  surfaces  when  placed  at  any 
point  on  tlie  bar,  tlie  intensity  of  the  greater  light  was 
indicated  on  tlie  scale  in  tonus  of  the  lesser  light.  Tlias,  if 
the  screen  showed  eijual  intensities  at  a  point  equidistant 
between  tlie  two  lights,  viz.,  at  the  centre  of  the  bar,  the 
graduation  coiTospoiiding  to  the  position  of  the  screen  indi- 
cated "  1,''  but  if  the  position  of  the  screen  was  towaixls  the 
riicht-hand  radiant  the  scale  indicated  that  the  left-hand 
radiant  was  ijreater  in  intensitv  than  that  on  the  rijnrht 
hand,  itc.  This  instrument  was  used  in  a  darkened  room, 
the  walls  and  ceiling  being  prefembly  blackened  to  avoid 
reflected  light  interfering  with  the  indications  of  the  screen. 
The  bar  and  screen  were  kept  as  free  as  possible  from  all 
imnecessary  accessories. 

Lcthehy  shortened  the  bar  of  King  s  photometer  to  GOin. 
between  the  lights,  and  improved  the  indications  by  using 
two  candles  during  each  of  the  testings,  instead  of  only 
one,  as  used  by  King,  with  the  object  that  the  inequalities 
of  one  candle  might  be  counterl balanced  by  those  of  the 
other.  He  facilitated  the  reading  of  the  two  sides  of  the 
Bunsen  disc  bv  iittin^f  it  in  a  "  siiTfhtini'  box,"  in  which  he 
aiTange<l  two  small  mirrors,  so  that  the  observer  could 
simultaneously  see  the  two  reflected  images  of  the  screen, 
one  on  each  side.  As  the  direct  rays  from  the  candles  and 
gas  respectively  shining  into  the  eyes  of  the  observer 
interfered  with  the  delicacy  of  the  readings,  screens  wero 
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provided  to  cut  these  off.  In  order  to  modify  tlie  effect  of 
draught  on  the  gas-burner  and  candles,  these  were 
surrounded  with  large  boxes  open  at  the  top  and  partially 
so  at  one  side.  The  disc  was  either  Bunsen's  or  Leeson's, 
as  the  observer  might  prefer.  The  instrument  w^as  used  in 
a  darkened  room. 

Tlte  Canadian  pattern  of  photometer  was  arranged  by 
Messrs.  Sugg  and  Co.,  to  enable  the  Letheby  pattern  to 
comply  with  the  reciuii'ements  of  the  Standard  Department 
of  the  Board  of  Trade  when  certifying  a  photometer  for  the 
Canadian  Government.  In  this  modification  the  whole  of 
the  gas-measuring  apparatus,  viz.,  meter,  governor,  &c.,  as 
well  as  the  photometer  itself,  is  enclosed  in  a  small  wooden 
room  shut  in  with  heavy  curtains  to  exclude  extraneous 
light. 

The  Imjyyoved  Letheby  or  "  Tooley-street "  Pattern  is  a 
modification  of  Letheby \s  suggestion,  and  contains  improve- 
ments proposed  by  the  writer  which  undoubtedly  contrilnite 
to  the  accuracy  of  the  lesults.  During  his  investigations 
on  the  standards  of  light,  the  writer  found  that  the  draught 
caused  by  convection  currents  in  the  form  of  lx)xes  then 
in  use,  caused  the  candle  and  gas  flames  to  sway  about  and 
thus  to  give  variable  results.  In  order  to  overcome  this 
it  was  found  that  if  the  chamber  or  box  was  covered  with 
a  perforated  screen  so  as  to  leave  an  opening  Gin.  in  dia- 
meter immediately  over  the  flame  for  the  vitiated  air  to 
escape,  and  the  sides  closed  all  round  except  for  three  or 
four  inches  at  the  bottom,  the  flames  immediately  become 
perfectly  steady,  and  much  more  concordant  readings  were 
obtainable.  It  will  be  seen  that  the  convection  currents 
were  avoided,  and  in  their  place  there  was  obtained  a 
steady  flow  of  a  large  volume  of  air  free  from  side  or  top 
draughts. 

The  second  improvement  consisted  in  fitting  the  writer's 
arrangement  of  reversing  disc  and  mirror  holder.  Other 
improvements  of  a  minor  character  were  made,  and  in  its 
new  form  the  instrument  came  into  much  favour, 
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The  closed  Evans  photometer  wa-s  tii-st  introduced  hy 
the  late  Mr.  F.  J.  Evans,  engineer  to  the  Gas  Light  and 
Coke  Company,  in  1858,  in  conseriuenco  of  a  dispute  with 
the  St.  James's  Vestry  as  to  the  illuminating  power  of 
the  street  lamps.  After  much  discussion  it  was  decided  to 
test  the  gas  burners  in  niUi,  as  the  Local  Authorities  would 
not  consent  to  the  removal  of  the  burners  to  a  proper  ■ 
testing- i-oom.  An  instrument  was  therefore  designed  by 
Mr.  Evans,  and  mounterl  on  a  platform  in  Piccadilly.  It 
consisted  of  an  olilong  l)ox,  over  the  two  ends  of  which 
were  placed  metal  ventilating  chimneys  to  allow  the  escape 
of  the  products  of  combustion  of  the  gaa  and  candles 
respectively.  The  end  in  which  the  gas  burner  was  to  be 
placed  was  of  such  a  size  that  it  could  be  placed  bodily  over 
the  street  lamp.  The  disc  was  permanently  fixed  in  the 
box  at  a  jxiint  JOin.  from  the  gas  flame,  the  candles  being 
mounted  on  a  ti^avelling  carriage,  so  that  the  readings  of 
the  instrument  wore  taken  by  moving  the  candles  instead 
of  the  disc,  as  in  King's  photometer.  The  movement  of  the 
candle  carriage  was  regulated  by  a  winch  handle  imme- 
diately in  front  of  the  observer  as  he  stoo<l  watching  the 
di.w,  an  endless  cord  connecting  the  winch  with  the  candle 
carriage.  Doors  wore  fitted  to  the  box  for  giving  access  to  ! 
the  burner,  disc,  and  canilles  respectively. 

When  Mr.  Evans  was  appointt-d  one  of  the  Gas  Refereea 
in  18C8,  this  instrument  was  adapted  for  o&icial  use  in  the 
gas-testing  stations.  Its  indications,  liowever,  have  been 
so  variable  that  it  is  no  longer  sanctioned  by  that  authority. 
The  reader  will  find  the  question  of  its  reliability  fully 
discussed  in  the  writer's  work  on  "  Practical  Photometry, 
page  34,  et  seq. 

The  Imperial  Photometer  is  a  modification  of  the  Evans, 
and  was  constructed  by  Messi-s.  Sugg  and  Co.  to  overcome 
the  objection  to  the  fixed  disc  and  moving  candles.  It  is, 
in  fact,  a  combination  of  the  Tooley-street  pattern  above 
referred  to.  with  that  of  the  Evans.  Careful  experiment  I 
by  the  writer  have  shown  that  this  in-strument  gives  most  1 
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excellent  results.  Of  all  closed  photometers  it  13  «n- 
(loubteilly  the  heist.  The  gas  to  be  tested  for  its  illuminat- 
ing poivei",  anil  the  candles  (»r  other  standard  employed,  are 
burnt  each  in  one  of  two  3r|uare  "  towers "  or  chambers, 
which  are  about  2ft.  square. 

To  ensure  a  large  voIuTne  of  air,  moving  at  a  alow  speed, 
lieing  supplied  to  the  respective  radiants  in  a  manner 
ensuring  full  combustion,  but  not  so  fa-st  as  to  disturb  tho 
steailiness  of  the  flames,  it  is  ailtnittcd  into  the  base  of  tho 
"  tower "  through  a  plate  of  perforated  zinc,  and  after 
passing  the  points  of  combustion  emerges  from  the 
chimneys  at  the  top  of  the  two  towers.  By  this  arrange- 
ment both  the  gas  and  candle  flames  are  kept  perfectly  steady. 
The  two  towei-s  are  separated  from  one  another  by  the 
length  of  the  graduated  phot-jmeter  bar,  usually  60in,  in 
length,  but  this  can  be  altered  by  the  makers  as  desired. 
Careful  provision  is  made  for  setting  the  candles  and  gns 
Jlame  at  points  exactly  corres]K»nding  to  the  terminals  of 
the  scale,  plumb  linas  being  provided  tor  this  purpose. 
The  disc  carrier  is  provided  with  the  rotating  movement 
mentioned  in  connection  with  the  Toolcy-street  pattern, 
and  in  other  respects  the  iastmment  is  made  as  perfect  as 


Hai'court's  Table  Photometer. — This  instrument  is  now 
I>eing  prescribed  by  the  London  Gas  Referees  {of  whom  Mr. 
Harcourt  is  a  member)  fur  iLse  in  tlic  metropolitan  ga,s- 
testing  stations.  The  following  description  is  taken  from 
the  instructions  of  that  body  issued  by  them  to  the  Official 
Gas  Examiners  (Fig.  O):— 

The  several  parts  of  the  apparatus  stand  upon  a  well- 
made  and  6rm  table,  -jft.  Cin.  by  3ft.  6in.,  and  2ft.  5in.  high. 
The  upper  surface  of  this  table  is  smooth,  level,  and  dead 
black.  Upon  this  are  placed  or  clamped  in  the  positions 
shown  in  Fig.  9;— (1)  The  ga.s  meter.  (2)  The  gas 
governor.  (.3)  The  regulating  tap.  (4)  The  "  Sugg's 
London  Argand  So,  1"  burner,  (.5)  The  connecting  pipe.s, 
(C)  The  pentane  lOcnndle  lamp.     (7)  The  photoped.     (8) 
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meter    is    sufficiently 


Tho   aerortliometer.      (9)    The    stop    dock.       (10)    Dark 
screens ;  mirrors. 

(1)  The    Gas    Meter.— The 
(lescribed  elsewhere. 

(2)  The  Gaa  Governor. — The  gas  governor  must  be  such 
as  will  efl'ectually  do  awaj'  with  any  variation  of  pressure 
pi-oduceil  by  the  working  of  the  meti-r  or  other  causes. 

(3)  The  Regulating  Tap  (Fig.  10).— This  must  have  a  lan,'e 
well-fitting  ban-el  with  a  round  hole  on  each  side  of  such  a 


Hize  as  to  allow  gas  to  pass  at  the  rate  of  about  four  cubic  feet 
per  hour  under  the  pressure  at  the  outlet  of  the  governor. 
In  addition  there  must  be  narrow  saw-cuts  on  opposite  sides 
of  the  two  holes  when  viewetl  in  plan,  which  will  allow  an 
additional  passage  of  about  two  cubic  feet  of  gas  per  hour 
when  the  tap  is  ao  turned  that  the  holes  and  the  ■Miw-cuts 
are  both  opposite  the  orifices  of  the  fixed  part  of  the  tap. 
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The  constiuetion  of  tlie  tap  is  sliown  in  Fig.  10.     The  index  I 
must  lie  sccuffil  to  tlie  barrel  without  any  play,  and  its 
poiutod  L'nd  luunt  pass  over  a  scale  gi'adiiati!d  in  degrees 
upon  an  arc  of  not  li^ss  titan  80  mm.  radius.     The  ai'C  is  to 
extend  over  90  deg.,  and  tlie  degrees  are  to  be  numbered 
from  0  deg.  to  90  deg.     TTie  arc  is  to  >«?  made  of  white 
enamel  glass,  and  the  divisions  are  to  be  etched  upon  it, 
and  the  marks  filled  in  with  black.     The  tap  is  to  be  off  j 
when  the  pointer  is  at  one  extremity  of  the  arc  at  0  dog.,   ' 
nntl  fully  on  when  it  is  at  the  other  extremity  at  90  dej 
The  small  hole  should  be  fully  open  at  about  20  deg.,  a 
that  the   action   of   the   saw-cuts   may   extend   over    the   , 
remaining  portion  of  the  arc.     The  tap  must  be  kept  clean  | 
and  sufficiently  lubricated  to  work  easily, 

(4)  'Hie  "Sugg's  London  Argand  A'o.  1 "  Bwrner. — This  is 
the  burner  described  in  Appendix  D.  It  is  to  be  mounted 
upon  a  tripod  with  Bat  projecting  feet,  so  that  its  position 
upon  the  table  can  bo  adjusted  at  any  time.  It  may  bo 
clamped  in  position  by  three  i—  shaped  clamps,  each  made 
to  pinch  upon  one  foot  by  the  action  of  a  single  carpenter's 
screw.  The  construction  of  the  foot  and  clamp  is  shown  in 
Fig.  11.  The  height  of  the  top  of  the  steatite  burner  is 
3.'»3  mm,  above  the  table.  The  axis  of  the  burner  should  be 
vertical.  If  it  is  found  to  lean  in  any  direction,  paper  or 
card  should  be  inserted  under  one  or  more  of  the  feet  until  , 
it  i.s  found  to  bo  vertical  after  being  clamped  in  position. 

(5)  Thf  Connecting  i'/^s.— These  are  to  be  made  of  Jii 
(outside  measure)  composition  piping.  They  are  to  be  con-  I 
nected  with  the  different  pieces  of  apparatus  by  ^in.  unions,  I 
except  in  the  case  of  the  gas  metei-s,  where  the  unions  •? 
belonging  to  the  meter  may  bo  retained.  In  all  eases  tho  I 
In.ss  of  the  union  is  to  be  attached  to  the  apparatus  and  I 
the  cap  and  lining  to  the  ends  of  the  connecting  pipe.  ! 
These  pipes  are  to  lie  placed  above  the  table.  No  grooves,  I 
l-ecesses,  or  holes,  other  than  the  screw  holes  for  the  screws  J 
referred  to  in  tliis  Appendix,  are  to  Ite  made  in  the  table. 

(0)  Tlit  PenUine  lO-CavUc  Xnw^i.— This  has  been  de-  j 
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scril>eJ  in  a  previous  article.  The  lamp  need  only  be 
placed  in  position  upon  the  table,  but  for  jwmianent  use 
clamps  corresponding  to  those  used  to  secure  the  feet  of 
tho  London  Argand  stand  should  be  employed.  The  heij^ht  of 
the  top  of  the  steatite  burner  is  353  mm,  above  the  table. 
The  construction  of  the  screw,  swivel  plate,  and  clainp,  is 
shown  in  Fig.  11. 

(7)  Tlie  Photopcd. — The  photoped  is  represented  in  Fig.  1 2 ; 
it  consists  of  the  following  parts :  a  plate,  100  mm.  square, 
with  a  ct-ntral  hole  21  nmi.  square.  This  in  held  in  a  verti- 
cal position  by  an  upright  support,  so  that  the  centre  of  the 
squarb  is  400  mm.  above  the  table.     The  upnght  is  carried 


by  a  tripod  similar  to  that  u.sed  for  the  London  Argand,  and 
Kccured  in  the  .-iame  way  to  the  table.  To  one  liico  of  the 
scpiare  plate  ia  fastened,  by  two  binding  screws,  a  clauijiing 
plaU;,  CO  mm.  by  -10  mm.,  also  with  a  central  hole,  21  iiiiu. 
6<[iiarc,  so  that  the  tM'o  opening-s  are  oppo.-*itc  one  another. 
A  piece  of  suitable  white  paper  is  pinched  Iwtween  the  two 
plates  ao  as  to  cover  the  openings  and  project  a  little  way 
below  the  clamping  plate.  The  clamping  plate  carries  cen- 
trally a  horizontal  tube  about  3.5  mm.  in  diameter  and  30  mm. 
in  length.  In  this  slides  smoothly  a  smaller  tube  containing 
a  diaphragm  in  which  a  rectangular  slit,  2-1  mm,  by  7  mm. 
has  been  cut.  To  the  upper  surface  of  the  laiger  brass 
plate,  and  on  the  same  side  as  the  clamping  plate,  is  fixed  a 
strip  of  gla*s,  so  that  the  lower  edge  is  close  to,  and  exactly 
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parallel  to  the  plate,  while  the  upper  edge  is  so  much  in 
advance  as  will  allow  the  reflection  of  the  flame  described 
elsewhere  to  be  obsei-ved.  The  photoped  should  be  plumbed 
vertical.  If  it  is  found  to  lean  sensibly  towards  or  away 
from  the  lamps,  paper  or  card  should  be  inserted  under  one 
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Fig.  12. 

or  more  of  the  feet  until  it  is  found  to  be  vertical  after 
being  clamped  in  position. 

(8)  The  Aerortlicmieter. — This  is  in  effect  an  air  thenno- 
meter  and  a  barometer  combined,  consisting  of  a  bulb  and 
vertical  stem  in  which  sufficient  water  is  present  to  ensure 
that  the  air  is  saturated.  The  measuring  tube,  which  ter- 
minates in  a  closed  bulb,  and  a  conqmnion  tube  which  is 
open  to  the  air,  dip  into  a  reservoir  of  mercury  in  the  base, 
the  capacity  of  which  can  be  adjusted  by  a  regulating 
screw  pressing  on  a  leather  cover.    The  relative  volume  of 
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tlic  Ijull)  and  tube  down  to  any  division  is  represented  by 
the  number  belonging  to  that  division.  In  using  the 
ai-rorthomctcr,  turn  the  screw  up  until  the  level  of  the 
uiercury  in  the  opon  tube  is  below  that  of  the  niei-cury  in 
the  bulb  tube ;  then  turn  the  screw  slowly  down  until  tlie 
mercury  stands  at  the  same  level  in  both  tubes.  The 
division  at  which  the  mercury  now  stands  ia  the  at'rortho- 
meter  reading.  The  gas  examiner  shall,  not  less  often  than 
once  a  raontli,  compai-e  the  aerorthometer  reading  with  the 
reciprocal  of  the  tabular  number  deduced  from  observations 
of  the  barometer  and  thermometer,  and  if  there  is  a  differ- 
ence of  moi-e  than  one-half  per  cent,  the  inatruments  are  to 
be  readjusted. 

(9)  Ike  Stop-clock. — This  is  the  clock  ordinarily  used  in 
testing  placea,  either  attached  tu  the  meter  or  independent 
of  it.  It  must  be  provided  with  mechanism  for  starting 
and  stopping.  It  will  facilitate  tlie  comparison  with  the 
stAndard  clock  if  it  is  made  to  give  an  audible  sound, 
by  means  of  a  bell  or  othei-wise,  at  the  completion  of  each 
minute. 

(10)  Dark  Sci'cens,  Miifors. — Five  dark  screens  are  pro- 
vided in  order  to  prevent  the  inaccuracy  and  inconvenience 
to  which  stray  light  would  give  rise.  The  first  is  placed 
between  the  burners  and  the  photoped  in  the  position 
shown  in  Fig.  9,  This  screen  is  500  mm.  sr[uare,  with  two 
rectangular  openings.  The  opening  to  the  left  is  40  mm. 
wide  and  55  mm.  high,  and  its  lower  edge  is  350  mm.  altove 
the  tAble.  The  opening  to  the  right  is  50  mm.  wide,  its 
lower  edge  is  340  mm.  above  the  table,  and  it  extends  to 
the  top  of  the  screen.  The  centre  lines  of  these  two  open- 
ings are  300  mm.  apart.  The  sci-een  is  carried  by  a  M'ouilcn 
foot  about  oW)  mm.  by  100  nmi.  and  30  mm.  thick.  Care 
must  be  taken  that  it  is  so  adjusted  that  the  whole  of  the 
dame  under  the  tube  C  of  the  10-candle  lamps,  and  the 
whole  of  the  chimney  and  burner  of  the  Argand  can  be 
e«en  through  all  parts  of  the  slit  of  tlie  photoped  when  the 
paper  is  removed  for  that  purpose.     The  Icot  may  then  be 
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fastened  to  the  table  by  means  of  two  hinges,  so  that  the  | 
screen  may  he  folded  down  when  the  position  of  the  lamp  1 
is  being  verified,  and  may  be  easily  replaced. 

Tlie  second  dark  screen  consists  of  a  piece  of  black  velvet 
or  blaek  cloth,  350  mm.  square,  stretched  on  a  frame  and 
supported  so  that  its  lower  edge  is  150  mm.  above  the 
tabic.  In  this  is  cut  a  hole  50  mm.  square  with  its  lower 
edge  380  mm.  above  the  tabic.  Tliis  screen  is  placed  close 
to  the  photoped,  but  on  the  oppasite  side  to  that  facing  the 
lamps,  and  with  the  square  hole  opposite  the  square  hole  in 
the  plate  of  the  photoped.  To  the  right  side  of  the  frame 
is  hinged  a  light  frame  350  mm.  high  and  300  mm.  wide, 
with  its  lower  edge  150  mm.  al>ove  the  table.  On  this  also 
is  stretched  black  velvet  or  black  cloth.  This  prevents  the 
illuminated  dial  of  the  meter  or  arc  of  the  regulating  tap 
from  interfering  with  the  photometric  observations,  while 
at  the  same  time  it  can  be  readily  moved  when  these  are  to  i 
be  observed,  ' 

The  third  dark  screen  is  about  500  mm.  long  and  750  mm. 
high.  The  fourth  is  atx)ut  450  mm.  long  and  750  mm.  high. 
These  may  be  made  of  card  painteil  deail  black,  or  of  thin 
wood,  and  may  be  placed  approximately  in  the  pasitioas 
shown  in  Fig.  3. 

Tlio  fifth  dark  screen  consists  of  a  piece  of  black  velvet 
or  cloth  large  enough  to  form  a  black  background  to  the 
lamj^  when  viewed  from  the  photoped.  It  is  best  placed 
upon  the  wall,  but  if  that  is  inconvenient,  ur  other  objects 
intervene,  it  should  be  supixirted  on  a  stand,  but  always 
BO  an  to  be  at  least  300  mm.  behind  the  tlamcs  of  the 
lamps. 

Two  small  mirrors  are  caiTied  on  light  stands.  One  of 
these,  made  of  ordinary  Hat  silvered  glass,  is  vertical,  and 
is  so  placed  as  to  enable  the  Gas  Examiner,  when  seated  at 
the  photoped  end  of  the  table,  on  moving  his  head  to  the 
left  of  the  second  dark  screen,  to  see  by  reflection  the 
tip  of  the  dame  of  the  10-candle  lamp  through  the 
mica  window  in  the  tube  C     The  other,  which  should  ho 
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about  120  mm.  in  diameter,  is  convex,  ami  ahoiiM  have  a 
radius  of  curvature  of  about  400  mm.  It  is  placed  on  the 
observer's  right,  and  is  so  inclined  that  it  casta  a  diverging 
beam  of  subdued  light  upon  the  divided  arc  of  the  regulat- 
ing tap,  upon  the  face  of  the  meter,  upon  the  aerortliomcter, 
and  upon  tlio  Gas  Examiner's  note-book. 

All  the  apparatus  on  the  tabic  upon  which  light  can  fall, 
and  which  might  by  reflection  illuminate  the  photopcd,  or 
catdi  the  eye  of  the  opeiator,  is  to  bo  painted  dead  black  ; 
or,  if  of  finished  brass,  it  is  to  be  bronzed  before  being 
lacquered. 

The  correct  position  of  the  photoped  end  of  the  two 
burners  Is  to  be  verified  as  follows : — Each  burner  is 
provided  with  a  measuring  rod  securely  fastened  traiis- 
\'ersely  to  a  cylindrical  and  shouldered  plug  which  just  fits 
into  the  steatite  ring  and  rests  upon  it.  The  rod  belonging 
to  the  10-candle  lamp  is  to  be  1000  metre  from  the  axis  of 
the  plug  to  the  extreme  point.  The  rod  belonging  to  the 
liOndon  Argand  is  to  be  l'2(io  metro  from  the  axis  of  the 
plug  to  the  extreme  point.  E^ch  rod  is  to  be  l)a!anced 
about  the  plug.  E^h  must  be  capable  of  being  placed  in 
its  burner  without  disarranging  the  burner,  except  in  the 
removal  of  the  glass  chinmey  of  the  London  Argand  or  the 
conical  shade  of  the  10-condlo  lamp.  Each  i-od  should 
terminate  in  a  munded  ivory  point.  When  these  rods  an: 
placeil  in  their  burnei-s  and  the  long  ends  are  moved 
gradually  round  towards  the  pliotoped,  they  should  just 
come  in  contact  with  the  paper  under  the  clamping  plate  at 
the  middle  point. 

A  third  rod  is  provided  with  two  plugs,  one  to  fit  each 
burner,  and  with  their  centres  exactly  0'j22  metre  apart. 
The  two  plugs  should  just  drop  into  the  steatite  rings  of 
the  two  burners.  l(  any  one  of  these  tests  shows  the 
burners  to  be  incorrectly  placed,  their  position  is  to  be  ■ 
altered  until  all  the  mcaaurements  are  correct.  After  this 
proce.ss  the  burners  are  to  be  lighted,  tlie  flames  turned 
low,  and  the  reflection  of  one  is  to  be  observed  over  the 
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othci'  on  tlie  glass  of  tlie  jjhotoped.  If  Uic  lefleetion 
appeai-s  centml,  the  pliotoped  is  symmetrically  placed  with 
lespect  to  the  two  burners ;  if  not,  the  nut  on  the  standard 
is  to  be  loosened  and  the  plate  tumed,  until  the  reflection  is 
central.  The  two  lights  are  then  to  be  turned  up  and  the 
slit  is  to  be  moved  in  or  out  until  the  two  rectangular 
spaces  illuminated  by  the  two  lights  just  meet  but  do  not 
overlap. 

A  pattern  table  photometer  is  set  up  in  the  Gas  Referees' 
ofKce.  This  may  be  seen  after  ptirmi.ssion  in  WTiting  has 
been  obtained  iVoni  the  Refeiees. 
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The  photometer  introduced  by  Mr.  Harcourt,  abovo 
desciibed,  is  now  made  in  a  form  in  which  it  can  be  readily 
packed  for  transit,  so  that  this  instrument  comes  also  under 
the  head  of  portable  photometers, 

DMin'H  Portable  PhoUmvter  (Fig.  13).— Tliis  instrumene 
was  devised  in  conjunction  with  Messi-s.Sugg  and  Co.,in  IS84, 
to  provide  a  ready  means  of  testing  the  illuminative  value 
of  the  gas  supplied  in  diflerent  parts  of  the  metropolis  away 
from  the  official  testing  places,  as  it  was  I'yund  that  M-hilst 
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the  Ras  would  often  be  up  to  the  full  stamlanl  quaiity  at 
the  fixed  stations,  the  illuminative  \'alue  was  fre([uently 
below  the  standard  at  points  elsewhere.  Up  to  the  presc-nt 
time,  the  imlications  of  this  instrument  have  no  legal 
value. 

Tliis  form  of  portable  photometer  combines  all  the 
essentials  of  a  complete  Lethcby  photometer.  It  is  easily 
packed  away  in  a  box  for  transit,  and  can  be  set  up  ready 
for  ase  in  five  minutes.  It  consists  of  a  base-board,  hinged 
in  the  centre  for  folding.  On  to  this  i^i  screwed  the  photo- 
meter Ijor,  on  which  the  disc  box  travels.  The  ga.s  burner 
and  candle-holder,  or  standard,  as  the  ca«o  may  be,  are 
fitted  into  metal  sockets  provided  for  that  purpose  in  the 
base-hoard.  Velvet  curtains  ai-e  provided  for  cutting  off 
extraneous  rays  of  light  which  might  fall  upon  the  disc  and 
the  observer's  eyes.  The  base-board  is  supported  upon  camera 
tripods,  as  also  is  the  experimental  test  meter  for  measuring 
the  volume  of  gas  consumed  in  the  process  of  testing.  Tlie 
instrument  is  complete  in  every  way,  and  has  passed  the 
criticisms  of  the  London  Gas  Referees,  who  would  doubt- 
less have  sanctioned  its  use  for  official  testings  had  they  not 
been  bound  by  the  existing  Acts  of  Parliament  to  restrict 
these  to  fixed  stations. 

llartleij's  PurtaOle  "  Univereid  "  Photometer. — This 
consists  of  a  light,  narrow  table,  llin.  wide,  2ft.  Oin. 
high,  and  5ft,  Oin.  in  length.  The  scale  is  divided 
into  inches  and  tenths,  and  is  'l\m.  in  length.  It  is 
fitted  into,  and  capable  of  being  fixed  at,  any  position 
within  a  gi'oove  in  the  table  top,  which  has  a  long  slot 
along  its  centre,  bolow  which  slot  is  a  brass  socket  connected 
by  wii-e  coixls  passing  over  pulleys  to  the  winch  liandle, 
similar  to  the  arrangement  in  the  Evans  photometer  for 
lowing  the  candles,  and  serving  the  same  purpose,  viz.,  tlie 
movement  of  the  standard.  The  disc  carrier  is  supported 
on  a  stand,  the  base  of  which  is  fitted  with  a  pointer  or 
index,  coinciding  with  the  vertical  line  of  the  disc.  The 
disc  carrier,  like  the  scale,  may  be  shifted  along  the  tabic, 
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both  being  shifted  at  the  same  time,  the  index  of  the  disc 
earner  and  the  zero  of  the  scale  always  being  made  to 
coincide  with  each  other.  With  the  photometer  a  strong 
sliding  pillar  is  provided,  which,  like  the  photometer,  stands 
upon  the  floor,  and  is  provided  with  levelling  screws  and 
plumb-lines.  This  pillar  serves  to  carry  gas  burners  or 
lamps  of  various  sizes,  as  required. 
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RADIAL    I'nOTOMETIlY. 

Wben  the  Committee  of  the  Gas  Section  of  the  Inter- 
national Gas  and  Electrical  Exhibition,  held  at  the  Crystal 
Palace  in  1882-3,  invited  the  late  Professor  William  Foster 
and  the  author  to  report  upon  the  various  burners  exhibited, 
one  of  the  first  points  considered  at  the  request  of  the 
Committee  was  the  estimation  of  the  angular  rays 
emitted  from  the  various  burners  submitted  for  examina- 
tion. For  thb  purpose  Hartley's  "  Universal "  photometer 
was  employed  after  certain  alterations  had  been  made  at 
the  author's  su^estion. 

These  alterations  were  described  by  the  writer  in  1884, 
as  follows  : — 

•  As  oi-iginally  designed,  the  disc  was  rigidly  fixed  in  the 
usual  vertical  position,  but  at  our  request  this  was  so 
arranged  as  to  be  susceptible  of  adjustment  at  any  required 
angle,  so  that  the  lays  from  the  standard  and  the  bm-ner 
under  examination,  whatever  its  position,  might  impinge 
upon  the  screen  at  equal  angles.  The  following  considera- 
tions will  show  our  reasons  for  this; — When  two  lights  are 
opposed  to  each  other  in  a  horizontal  direction,  and  a 
veitical  screen  is  placed  between  tliem,  it  is  evident  that 
the  rays  impinging  thereon  most  do  so  in  accordance  with 
the  wfll-known  law  of  the  squares  of  the  distances.  If 
the  actual  di-stancc  of  one  of  the  lights  from  the  screen 
remains  con-stant  while  travelling  through  the  circumference 
of  a  circle,  whose  centre  b  coincident  with  the  centre  of 
the  disc,  the  number  of  rays  impinging  upon  the  unit  area 
of  the  disc  must  be  less,  and  continue  to  decrease,  as  the 
■  Journal  ot  the  Society  o(  Chcmica!  Industry,  May  29tb,  1881. 
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position  of  t.ho  liglifc  is  increased  from  that  of  tlie  hori- 
zontal lino  j  and  this  decrease  is  in  exact  ratio  to  the 
cosine  of  the  angle  formed  by  the  position  of  the  light 
with  regard  to  the  disc  and  the  path  of  horizontal  i-aya. 
Tlierefore  the  number  of  rays  impinging  upon  the  vertical 
disc  will  diminish  with  the  cosine  of  the  angle  thus  formed.  , 
TJie  following  diagram,  Fig.  14,  shows  this  very  clearly. 

Let  AA'  EB'  represent  the  section  of  horizontal  vays 
impinging  at  right  angles  upon  the  vertical  disc  CC,  and 
CDC"  D"  the  section  of  an  equal  number  of  rays  thrown 
at  a  downward  angle  from  a  source  of  light  placed  above 
the  horizontal.     It  is  evident  that  the  whole  of  the  angular 


rays  do  not  impinge  upon  the  disc  CC,  but  that  the  rays 
which  do  80  are  defined  by  CDC  D'.  By  ih-awing  the 
circumference  of  a  circle  whose  radius  is  CC,  and  finding 
the  cosine  CE,  it  is  at  once  seen  that  the  section  of  the  ' 
lay.s  OF,  which  impinge  upon  the  disc,  is  in  exact  pro- 
porti<5n  to  the  cosine  of  the  angle  of  incidence  CE,  When 
the  light  i.s  raised  throughout  a  quadrant,  the  number  of 
rays  impinging  upon  the  vertical  disc  will  be  tii7,  and  thus, 
nUhough  the  burner  may  be  one  of  high  illuminating 
power,  such  a  system  of  photometry  would  fail  to  record 
any  value  for  it. 

Ajiother  important  point  in  connection  with  the  vertical 
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Table  I. — Bays  from  Burner  22*5  d^g»  with  Horizontal  Line, 

Raadings  with        Loss  per  cent. 


Readings  with 
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88-7 
205*0 
458-6 

27  0 
826-0 

62-8 

26-5 
140-5 


Corrected  for 

cosine  of  angle 

=  •9239. 

41-9 
222-0 
491-0 

29-2 
858-0 

68-0 

28-7 
152-1 


Average  .. 
Bays  from  Burners  45 


disc  arranged  for      hy  estimation 
eqnal  angles  of       of  vertical  disc, 
incidence.         due  to  reflection. 

>  •  *  M.  M.      X         .••  •••  ••.  4t/ 

..     245-0    9-4 

>••  Oi.<7*0  u' O 

I • .  ^t*f    f  •••       .•.       ••*  xd 

, ..  OD«-U  "^— 

I •  •  (JO    O  .«•        ••«        ...  X     X 

> . .       oU  *o    6-8 

,..     162-2    6-1 


•••  ...  ...  ...■'       ...  ...  TX^ 


Readings  with 
disc  Tertical. 

20-2 

Ck>rrect< 
cosine  ol 

=  n 

...       28 

sd  for 
angle 

m. 

•6     .. 

282-5  

...     400' 

0     .. 
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Readings  with 

disc  arranged  for 

eqoal  angles  of 

incidence. 

84-9  ... 

491-5  ... 

84-2  ... 

87-8  ... 

88-4  ... 

OQ-O      ... 

67-1    ... 

At)  *  £t  ... 

136-5  ... 

186-9  ... 

161-9  .. 

25-1  .. 

144-0  .. 

25-7  .. 

12-7  .. 

207-0  .. 

12-6  .. 

86-5  .. 


Average ... 


Line, 

Loss  per  cent. 

by  estimation 

of  vertioiU  disc, 

due  to  reflection. 

•  • .      ...  Xq-U 
. ..      ...  Xq- d 

14-6 

. •  •     ....  ^A -(J 

.. .      ...  X^ - 0 

18-4 

10-8 

. .  •        ...     XaO 
. . .       ...    XO   \3 

•  •  •        ...    XO  -Q 

8-7 
...  11-6 
...  13-2 
...     0-8 

•  •  •         ^^^ 

...  11-6 

•  •  •         ^^^ 

...  14-5 


•  •  •  •  •  • 


•  •  •  •  •  I 


Readings  with 
disc  vertical. 

55-8     ... 

82-8     ... 


...  12-15 

Bays  from  Burner  67-5  deg,  with  Horizontal  Line, 

Readings  with        Loss  per  cent. 


•  •  •  •  •  • 


Corrected  for 

cosine  of  angle 

=  -3827. 

144-5     .., 
216-5 


•  •  •  •  •  • 


disc  arranged  for      by  estimation 
equal  angles  of      of  vertical  disc, 
incidence.         due  to  reflection. 

..     878-0    61-8 

...     920-0    76-5 


Average ... 


...     ...     •••     ...     ...     ... 


...  69-1 
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disc  must  not  be  overlooked,  and  that  is,  that  when  the 
rays  of  light  impinge  upon  a  surface  at  an  oblique  angle, 
a  considerable  loss  of  light  occurs  by  reason  of  the  increase  1 
of  reflection  and  absorption,  which  preponderates  over  tlie 
loss  incurred  when  the  angle   of   incidence  forma  a  right 
angle.     This  loss  increases  with  the  increase  of  the  angle, 
and  seriously  vitiates  any  results  obtained.     Table  I.  shows 
the  results  of  some  tests  made  in  this  manner,  and  gives 
tlio  illuminating  power  of  angular  rays  when  tested  with  I 
the    photometer    disc   fixed    in    a    vertical   position,  and  ] 
when  it  is  arranged  so  that  the  angles  of   incidence  are  ] 
identical. 

After    correction   for   the   diminished   number   of   raya  | 
impinging  upon  the  disc  at  the  difl'erent  angles,  the  value  I 
obtained  in  deducted  friini  that  found  by  estimation  w-ith  ( 
the  disc  aiTanged  for  equal  angles  of  incidence,  and  the   ' 
diflerence  Ijetween  the  two  rt-'sults  calculated  into  percent-  i 
ages.     By  this  mean.s  it  is  seen  that  when  the  burner  is  at  ! 
an  angle  of  22'5  deg.  above  the  horizontal,  the  average  loss 
due  to  reflection  from  the  vertical  disc  is  44  per  cent.,  at   i 
45  deg.  it  is  12  per  cent.,  and  at  67".5  deg.  G8  per  cent.     It 
is  obvious,  therefore,  that  the  method  of  estimating  the 
illuminating  power  of  angular  rays  by  means  of  a  vertical 
disc  b  erroneous. 

The  following  diagrams  represent  the  residis  obtained 
by  the  ra^Iial  photometer  when  various  light  sources  of 
different  character  are  mea-sured  by  it. 

By  arranging  the  disc  so  that  the  angle  of  incidence  is 
equal  on  either  side,  thus  (disc,  AA' ;  hoiizoutal  ray^,  AB, 
A'B' ;  angular  rays,  CA,  C'A'),  we  equalise  both  the 
proportionate  number  of  raya  impinging  thereon,  a&  well  as 
the  loss  due  to  reflection.  Deteniii nations  thus  made 
possess  all  the  value  of  those  made  with  a  vertical  disc  and 
hoiizontal  raya  on  either  side  in  the  usual  manner. 

The  Radial  Diotometer. — The  principle  involved  in  the 
construction  of  the  Radial  photometer  ia  very  simple — viz., 
that  the  light  under  examination  -should  be  rigidly  fixed  in 
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one  position,  while  the  estimations  of  the  vahie  of  tlio 
angular  rays  emitted  from  the  homontal  to  the  vertical, 
cither  above  or  below,  are  being  made ;  thus  ensuring 
perfect  steadiness  of  the  burner,  or  other  himbious  point. 

The  apparatus  (Fig.  15)  coasists  of  two  vertical  supports, 
one  of  which  is  pcnnanently  fixed  to  the  liase-hoai-d  or  foot. 
while  the  one  on  the  right  hand  travels  on  rollers  on  the 
base-board  in  such  a  position  that  it  will  run  in  front  of 
the  fixed  support. 

The  two  upiights  are  connected  by  a  bar,  the  ends  of 
which  work  upon  trunnions  or  axles  attached  to  blocks, 
which  travel  in  tlie  grooves  of  the  uprights.  These  blocks 
can  be  clamped  in  any  desired  position.  One  end  of  the 
bar  is  attached  to  the  front  of  the  fixed  upnght,  while  the 
other  end  is  attached  to  the  travelling  upright  at  the  back  ; 
30  that,  when  the  two  uprights  are  in  juxtaposition,  the  Iwr 
is  perpendicular  between  tlioni.  The  centres  of  the  trun- 
nions correspond  in  position  with  the  centres  of  the  two 
graduated  dial  plates  in  front  of  the  upright.^.  The  distance 
between  the  centres  of  these  dial  plates  is  50in.  It  is 
therefore  evident  that,  whatever  position  the  bai-  may  be  in, 
the  distance  from  the  centre  of  one  dial  to  that  of  the  othor 
must  be  constant.  In  front  of  the  dial  plate  on  the  ti-avtl- 
ling  upright  the  screen  or  disc-holder  is  fixed,  bo  that  its 
centre  is  coincident  with  tlie  centre  of  the  dial. 

Attached  to  the  block  in  the  groove  of  the  travelling 
upright  support  is  the  hoiizontal  bar  carrying  the  standard. 
The  standard  is  supported  in  front  of  the  horizontal  liar 
by  a  ti-avelling  cairiage,  working  on  rollers,  and  is  moved 
by  a  cord  and  winch,  conveniently  placed  on  the  right-hand 
side  of  the  graduati'd  dial  on  the  support.  Attached  to  the 
block  carrj'ing  the  photometer  disc  is  a  brass  rod.  whieh 
is  brought  well  forward,  and  then  curved  round  for  the 
purpose  of  carrying  a  velvet  curtain  to  screen  oft'  extraneous 
light  when  readings  are  being  taken. 

The  two  dial  plates  arc  graduated — the  larger  one  on 
the  fixed  support  in  degrees,  and  the  smaller  one  nn  the 
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travelling  support  in  half  degrees,  which  are  numl>ereil  as 
whole  degrees  for  the  purpose  of  facilitating  the  setting  of 
the  disc  for  (Kjual  angles  of  incidence;  so  that  when  the  ' 
bar  is  set  (say)  at  40",  the  disc-pointer  ia  to  be  set  at  40°, 
It  will  then  be  in  the  proper  position — viz.,  20".  The  disc  . 
may  be  arranged  to  work  automatically  with  the  movement 
of  the  bar,  by  means  of  a  simple  mechanical  appliance ;  so 
that,  whatever  may  be  the  position  of  the  bar,  the  disc  wiU 
be  at  the  con-ect  angle. 

A  brass  rod  is  provided  for  atljusting  the  position  of  the 
burner,  &c,  to  be  tested.  It  lias  to  be  pushed  through  the 
centre  of  the  block  and  trimnion  on  the  fixed  upright 
support,  and  will  then  be  at  right  angles  with  the  plane  of 
the  dial,  and  project  exactly  through  its  centre,  by  which 
means  it  is  easy  to  adjust  the  tiame  in  its  proper  position  ia 
front  of  the  apparatus.  The  light  to  be  tested  may  be  brought 
forward  to  the  full  extent  that  can  be  attained  by  the 
dbc  and,  standard,  which,  obviously,  can  he  regulated  as 

L desired,  so  that  the  sisie  of  the  burner  or  lantern  to  be 
tested  hy  this  appamtus  ia  practically  unlimited,  due  regard 
being  paid  to  the  length  of  the  bar  and  the  power  of  the 
light. 
When  a  teat  is  commenced,  the  light  to  be  examined  ia 
fixed  on  the  support  attachetl  to  the  block  in  the  fixed 
upright,  and  accurately  centred  with  the  dial  plate,  which  is 
to  lie  lowered  to  the  liottom  of  the  groove  in  the  support. 
Tlie  block  in  the  travelling  support  has  next  to  be  raised, 
which  operation  will  bnng  it  immediately  over  the  burner ; 
the  travelling  upright  being  in  front  of  tlie  fixed  support, 
and  the  pointer  on  the  bar  indicating  90°  on  the  large  dial 
plate.  The  photometer  disc  is  to  be  arranged  for  equal 
angles  of  inciilence,  by  turning  it  until  its  pointer  is  at  90, 
when  a  reading  can  be  taken.  The  clamp  holding  the  top 
block  in  position  is  then  loosened,  and  the  handle  working 
the  rack  and  pinion  of  the  travelling  support  turned  until 
the  bar  is  at  an  angle  of  80".  The  block  must  then  l>e 
clamped,  the  disc  adjusted  to  80,  and  bo  on  for  each  degree 
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or  ten  degi'ees  as  desired,  until  the  horizontal  rays  are  esti- 
mat«fl.  The  block  supporting  the  light  is  thon  to  be  raised 
to  the  higher  position,  and  the  bar  adjusted  tor  tlic  desired 
angle  below  the  horizontal,  and  a  second  series  of  leadings 
taken  until  the  downward  vertical  rays  are  estimated. 
Fig.  15  shows  the  instniment  arranged  for  testing  the  rays 
thrown  downward  at  an  angle  of  ij". 


It  is  to  be  hoped  that  in  future  all  comparative  tests  of 
the  value  of  various  burners  will  be  so  conducted  as  U)  show 
the  actual  work  done  by  them,  not  only  in  one  direction, 
but  in  all  directions.  With  Argand  and  other  circular 
burners,  this  can  be  done  by  making  one  series  of  testa 
from  the  vertical  above  to  the  vertical  below  at  every 
10°.  But  in  the  case  of  flat-flame  burners,  it  is  necessary 
that  this  series  should  be  made  in  duplicate,  one  with 
the   flame   flat,   or  at    right    angles    to    the    hax    of   the 
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photometer,  anJ  one  with  the  flame  placed  with  its  edge  to 
the  bar.    An  extensive  series  of  oxperimonts  on  this  point 

Tablk  II. — Flat  Flame  Burners.    Illuminatiny  Power  of 

Hori;;onlal  Hoiji. 


Bunwr 

Banur 

Bn 

V<M^ix,n  Dt  name. 

N™' 

Ho.  2 

No.  3 

caDdlat. 

cindlia. 

ouidlai. 

Flat  to  photometer  bar- 

30-8 

24  2 

H 

Flame  turned    10" 

80-8 

24 

2 

8 

20 

80-9 

24 

8 

8 

80 

SO-9 

24 

2 

H 

40 

80-8 

24 

0 

8 

50 

80-2 

24 

0 

8 

60 

80-1 

23 

8 

.    8 

70 

80-2 

28 

6 

8 

HO 

29  8 

22 

4 

8 

Edge  to  bar    „          " 

90 

24-4 

20 

a 

7 

100 

28' 7 

21 

6 

B 

2 

no 

29-0 

22 

B 

8 

8 

1-20 

80-8 

23 

5 

8 

8 

lao 

ao-5 

28 

4 

8 

8 

140 

805 

28 

2 

8 

ir>o 

80-5 

28 

4 

8 

160 

80-1 

23 

D 

8 

170 

30-4 

23 

2 

B 

Flat  to  bar      ",          "„ 

IHO 

80' 3 

28 

1 

B 

100 

80-4 

22 

8 

8 

200 

80-8 

23 

0 

8 

210 

80-8 

22 

7 

B 

220 

80-7 

22 

9 

8 

2!i0 

81-0 

22 

9 

8 

240 

80-6 

22 

8 

8 

2.10 

801 

22 

0 

B 

260 

29-5 

21 

2 

8 

Edge  to  bur    ..          ,i 

270 

25  0 

18 

6 

7 

2H0 

2S-5 

20 

G 

7 

290 

sg-ii 

21 

8 

8 

.'too 

29-7 

22 

2 

6 

.'(10 

29-8 

28 

0 

B 

820 

JtO-3 

23 

0 

8 

880 

80-3 

23 

6 

8 

840 

80-5 

28 

4 

» 

8.10 

30-7 

23 

S 

8 

Flat  to  bar      .. 

.'MtO 

80-9 

23 '4 

85 

ha-i  shown  that  very  considcrahle  differences  exist  between 
tlie  quantity  of  light  emitted  from  the  fiat  surface  and  from 
the  edge  of  various  bumcra ;  this  difference  varying  from 
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10  to  35  per  cent,  of  the  light  emitted  from  the  flat  surface 
Therefore,  it  is  very  necessary  that  the  two  series  of  tests 
should  be  made,  and  an  average  taken,  which  should  be 
held  to  represent  the  value  of  the  burner. 

For  the  purpose  of  facilitating  comparison,  the  author 
has  made  determinations  of  the  quantity  of  light  afforded 
in  all  directions  horizontally  by  three  classes  of  flames, 
testing   them   at    every    10'.      The    results   are   stated  in 

Tablb  III. — Flat  Flame  Burners,    Illuminating  Power  of 

Angular  Bags, 


Burner 

Bomer 

Direction  of  rays. 

No.  1 

No.  2 

candles. 

candles. 

^°  above  horizontal 

27-8 

80 

BO 

29-2 

9 

0 

70        „ 

290 

9 

8 

60 

30-5 

9 

3 

50        „            „          . 

80-8 

9 

2 

40        „            „          . 

80-9 

8 

7 

80        „            „          . 

80-8 

9 

4 

20        „            „          . 

80-4 

9 

8 

10        ,. 

29-4 

9 

8 

Horizontal    . 

29-8 

9 

•7 

10°  below  horizontal  . 

29-9 

9 

9 

20        „ 

80-2 

10 

0 

80 

80-2 

10 

1 

40 

29-8 

10 

0 

50 

29-8 

10 

0 

60 

800 

10 

•7 

70        „ 

29-2 

10 

8 

80        ,, 

28-7 

11 

2 

90 

• 

. 

19-6 

5-8 

Table  II.,  page  G8.  The  diagrams  (Plate  II.)  show  at  a 
glance  the  positions  in  which  the  maximum  light  is  thrown. 
The  value  of  the  Radial  photometer  is  most  strikingly 
shown  in  the  examination  of  burners  shaded  by  globes, 
reflectors,  &c.  For  this  purpose  the  author  has  tested  three 
Argand  burners,  fitted  with  different  fonns  of  shades. 
Table  IV.,  page  70,  contains  the  results,  which  are  also  put 
in  diagram  form.  Two  of  these  sets  of  observations  clearly 
.indicate  that  the  form    of    the   porcelain  cup   might  bo 
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arrauyei]  to  yielil  more  satisfactory  results,  but  considering; 
the  want  of  a  suitable  method  of  testing,  Iteforc  the  Radial 
photometer  was  introduced,  there  is  little  rooni  for  com- 
plaint. The  effect  of  the  well-known  glazed-paper  shade  h 
very  striking;  the  even  distribution  of  light  downward 
being  very  satisfactory.  The  tests  of  a  Chnstiania  burner, 
with  and  without  its  glob3,  are  also  interesting ;  but,  aa  in 
this  case  the  globe  has  to  do  the  double  duty  of  regulating 
the  draught  and  reflecting  the  rays  in  a  downward  direction, 
it  is  difficult  to  see  how  its  form  can  be  improved.  Tin; 
tests  of  a  new  form  of  reflector  well  illustrate  the  character 
of  the  work  of  which  the  Radial  is  capable.  The  tests  may 
be  taken  at  every  degree  where  necessary,  and  thus  most 
valuable  comparative  results  arc  obtained. 

The  effect  of  a  suitable  reflector  in  diffusing  the  power  of 
the  light  in  particular  directions  is  very  marked ;  so  much 
ao,  that  in  future  competitive  testa  of  burners  and  apparatus 
R'lating  thereto,  it  would  be  highly  desirable  to  make  special 
awards  for  the  best  form  and  diffusing  power  of  i-eflecton*. 
Inthe  author's  judgment,  the  most  perfect  reflector  should 
throw  the  rays  of  light  in  such  a  manner  aa  to  evenly 
illuminate  a  level  surface  comprised  within  a  circle  whose 
circumference  includes  those  rays  falling  at  an  angle  of  30" 
below  the  horizontal. 

The  nearest  approximation  to  this  deflultlon  is  the  result 
given  by  the  well-known  porcelain  shade  supphed  with 
Argand  burners.  When  the  cup  is  in  position,  the  rays 
falling  at  all  angles  from  0'  to  60'  below  the  horizontal, 
are  inteixiepted  to  an  excessive  extent. 

The  importance  of  facility  in  testing  a  new  disc  for  photo- 
metric readings  is  generally  acknowledged.  The  fonn  of 
carrier  used  with  the  Radial  photometer  is  especially 
adapted  for  i-eodily  adjusting  the  disc,  so  that  either  side 
may  be  turned  towai'ds  the  standard  light.  It  is  only 
necessary  to  loosen  the  screw  holding  the  carrier,  (vhen  the 
latter  can  be  rotated  on  its  axis.  It  may  be  of  interest  to 
point  out  that  this  Is  the  first  photometer  to  which  the 
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author's  rotating  tUsc-li older,  now  coming  into  very  ycnerd 
use,  was  applied. 

Ilarcowt'a  HolophotvTiittei:~The  following  descriptioi 
of  this  photometer  is  extracted  from  the  Jotntial  of  (Tafl 
LUjhtiiKj,  July  17th,  1888:— 

Tlic  holophotoincter  has  been  designed  in  oivJei'  to  get  r 
of  two  difficulties  connected  with  other  methods  of  attaio^l 
ing  the  same  object,  viz.,  to  measure  the  light  emitted  in  I 
every  dii-ectiou  by  any  luminouM  wource.     These  diSicuIties  \ 
are  :^(1)  The  movement  of  the  light  to  be  measured  or  of 
the  standard  lamp,  neitlier  of  which  is  desirable.     (2)  The 
enoi-s  caused  in  the  measurement  of  lamps  provided  with 
retlecting  Kttings,  by  the  assumption  that  the  Hamc  is  the 
zero  point   from    which   measurements    should   be   made, 
whereas,  strictly  speaking,  the  principal  focus  formed   by 
the  reflector  should  be  taken  as  the  zero  point.     Inasmuch, 
then,  as  this  focus  may  be  several  inches  away  from   the 
liame,  and  as  the  length  of  the  bar  usually  employed   is 
60in.,  it  is  evident  that  serious  errors  may  be  introduced 
by  the  difference  between  the  real  and  the  assumed  zero 
point 

To  establish  the  existence  of  such  an  en'or,  and  to 
eliminate  it,  two  things  are  necessaiy,  viz.,  that  readings 
should  be  taken  with  liai-s  of  various  lengths;  aud  that  the 
length  of  the  bar  should  l)e  very  great  compai-ed  with  that 
between  the  real  source  of  light  and  the  focus  foiraed  by 
the  re6ector.  Both  these  points  are  secured  by  the  u.se  of 
the  holophotometer.  The  instrument  is  mounted  upon  i 
table  capable  of  Iteing  moved  nearer  to,  or  further  from,  ft  1 
fixed  table  containing  a  graduated  bar  with  movable  disc 
(say,  of  the  Letheby  pattern),  and  having  a  standard  lamp 
fixed  at  the  zero  of  the  bar.  The  lamp  to  l«  measured  is 
mounted  upon,  or  is  in  rigid  connection  with,  the  movable 
table ;  and  it  is  therefore  not  moved  during  a  scries  o£.j 
readings. 

The  holophotometer  consists  of  an  axis  working  friction  \ 
tight  in  a  collar  suppoiiud  b\-  a  vertical  pillar.     Tlie  axis  is 
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acciiratfly  fisod  at  the  same  height  as,  ami  in  a  liru'  with, 
the  centre  of  the  disc.  At  the  end  nearest  to  the  disc  is 
placed  a  large  miiTor.  with  its  centre  concentric  with  the 
axis,  but  so  arranged  that  the  jilane  of  tlie  minor  may  hv 
inclined  and  clamped  at  any  angle  to  the  axis.  At  the 
other  end  of  tlic  axis  is  tixed  a  telescopic  arm,  carrying  a 
smaller  mirror,  which  is  capable  of  beinj^  tamed  into  any 
rcfiuii-ett  position.  The  arm  being  rigidly  fixed  to  the 
rotating  axis  of  the  instrument,  to  which  is  also  attaclicd 
the  larger  minor,  it  follows  that  the  rotary  motions  of  the 
inirrors  about  the  axis  arc  identical.  The  angles  of  rotation 
are  measured  by  the  indications  upon  a  divided  circle 
attached  to  the  moving  axis,  and  are  showTi  by  a  pointer 
lixed  to  the  upright  support. 

TIic  miiToi-s  ai-e  adjusted  in  t^iieh  a  way  that  the  light 
from  the  lamp  to  be  measured  falls  upon  the  smaller  miiToi-; 
thence  is  reflected  on  to  the  larger  one ;  and  finally  along 
the  axial  line  of  the  photometer  disc.  As  both  mirrors 
rotate  together,  it  follows  that  if  a  horizontal  beam  is 
reflecUtd  correctly,  all  otlier  beams  will  find  their  way  along 
the  axis  of  tlio  photometer.  If,  therefore,  the  arm  caiTying 
the  small  miiTor  be  moved  through  various  angles,  it  will 
receive  the  light  emittetl  from  the  lamp  at  those  angles,  and 
the  light  will  at  every  angle  be  traiwmitted  along  the  axis 
of  the  photometer.  The  divided  circle  is  made  large  enough 
to  serve  as  a  complete  screen  of  all  direct  light;  and  only 
tlie  light  falling  on  the  small  mirror  can  find  its  way  to  the 
disc.  In  order  that  absolute,  as  well  as  comparative,  tests 
may  be  carried  out,  only  one  additional  measurement  need 
be  made.  The  direct  horizontal  light  is  measured  without 
the  interposition  of  the  liolophotometer  (which  is  mounted 
80  as  to  be  easily  moved  out  of  the  direct  line) ;  then  the 
mirrors  are  interposed,  and  a  new  measui-ement  is  madet 
The  additional  path  tmvelled  hy  the  light  is  allowed  for  in 
calculation ;  and  thus  the  absorption  of  the  min-ors  is 
determined  once  for  all  for  the  particular  character  of  light 
under  measurement.     It   is   only   necessary  afterwards  to 
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multiply  subsequent  values  by  this  coefficient  of  aljsorp- 
tion,  in  order  to  obtain  absolute  measurements  at  various  1 
angles.     The  absorption  of   the  two   mirroi-s  employed  is  ( 
stated  to  be  only  1"S  per  cent. 

The  employment  of  mirrors  in  photometry  has  sometimes 
led  to  serious  errors ;  but  it  will  be  seen  by  the  foregoing 
description  that,  inasmuch  as  tlie  relative  angle  of  the  . 
mirrors  is  never  changed,  and  as  their  absorption  is  easily 
calculated  and  allowed  for,  the  only  objections  to  their  use 
have  been  guarded  against  and  avoided. 

In  order  to  eliminate  the  second  source  of  error  mentioned 
above — viz.,  that  arising  from  the  formation  of  a  principal 
focus — it  ia  only  ncces.sary  to  take  a  series  of  readings  with 
the  table  in  one  position,  and  then  move  it  to  a  greater 
distance  and  take  another  scries.  If  a  focus  is  fonued  at  a 
sufficient  distance  to  produce  an  appreciable  error,  it  will 
dearly  appear  in  the  difference  between  the  readings  at  the 
two  distances  ;  and  then  it  is  only  necessary  to  wheel  the  I 
table  to  such  a  distance  that  the  discrepancy  is  inappreciable. 
In  other  words,  this  is  equivalent  to  using  a  bar  of 
sufficient  length  to  make  it  practically  infinite  compared 
with  the  distance  between  the  focus  and  the  real  BOUi*ce  of 
light. 

The  instrument  has  been  designed  specially  for  use  in  ' 
lighthouse    work,    where    it     becomes     of     the     highest 
importance   to   measure   accurately   the   total   light  j 
by   any   lamp,   and   not   only  that   emitted    in  any    one 
particular     direction,    which    may    or    may    not    be   the 
maximum. 

Sug^B  Travelling  Photometer.  —  As  this  instrument, 
shown  on  page  75,  has  betn  chiefly  used  for  testing  the 
illumination  of  pavements  and  roadways,  and  consequently 
ihose  rays  emitted  at  various  angles,  it  comes  under  the 
head  of  angular  photometers. 

The  apparatus  con.sists  of  a  box  with  ventilating  top,  in  j 
which  a  Keates  sperm  oil  lamp  Is  fixed.  The  light  from  I 
the  flame  is  reduced  to  that  eijual  to  two  candles  by  means  I 
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of  a  slit  in  a  metal  screen  placed  liorizoutally  across  tlie 
centre  of  the  tiamc.  The  light  froui  the  slit  jHisses  throujih 
one  side  of  the  box  through  a  wooden  tube  to  a  companion 
disc,  shaped  like  the  letter  A,  and  covcreil  on  Ijoth  .sides 
with  white  paper.  A  newspaper  cutting  is  patched  over 
the  edge  of  the  di^c,  so  that  a  portion  of  the  print  is  on 
each  side  of  it.  Tlie  two  sides  are  separated  hy  a  jtaiiition 
which  is  carried  up  some  distance  above  the  discs,     One 


side — that  nearer  the  lamp — is  covered  so  that  no  oUier 
light  but  that  of  the  lamp  can  fall  upon  it ;  the  other  side 
is  left  open  to  receive  the  full  light  fram  the  electric  or 
other  light  to  be  examined.  A  min-or  properly  placed 
enables  the  observer  to  see  both  sides  of  the  ilisc  at  once, 
and  thus  to  judge  of  the  relative  amount  of  light  falling  on 
each.  The  standard  detrree  of  light  adopted  is  therefore 
ei[ual  to  that  width  will  fall  on  a  white  surface  from  the 
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rays  of  twu  caiiillcs  plact-d  at  a  distance  of  3ft.  fruin  tlia< 
surfauL'.     Tlie  pliotometLT  a«  thus  used  Ls  on  the  Chure 
anil  Mann  jirinciple  ;  but  it  may  Lc  an-angeJ  on  the  I 
principle,  and  thus  be  used  to  measure  tbo  auiount  of  li^! 
failing  in  any  paH  of  a  roadway  at  a  distance  of  !tft.  from  1 
the  ground. 

Some  of  the  I'esultn  obtained  by  the  use  of  this  instru- 
ment wei-e  given  by  Mr.  W.  Sugjj  in  a  paper  read  by  him 
before  the  Ga.s  IiLstitiite  some  time  since,  and  will  be  refencd 
to  later  on  in  connection  with  the  subject  of  street  illumina- 
tion. At  present  our  subject  relates  merely  to  differentj 
methods  of  estimating  luminous  energy. 

In  connection  with  the  distribution  of   light   in   public  1 
places,  Mr,  Trotter  contributed  an  interesting  paper  to  the  1 
Institute  of  Civil  Engineers  in  1892,  when  he  described  the  J 
following  arrangement  (Fig.  17)  devised  by  himself  for  this 
purpose. 

A  small  electric  lamp  was  mounted  in  a  box,  so  that  it 
stood  Sin.  above  the  ground.  The  current  was  obtained 
from  a  battery  of  four  Lltlianode  cells,  two  of  these  being 
capable  of  running  a  J-candle  lamp  at  a  fair  brightness  for 
ten  hours  ;  but  in  order  to  allow  a  good  margin,  two  more 
cells  were  connected  in  pamllel.  Tlicse  proved  to  bo 
sufficient  for  the  puqx)se,  and  no  appreciable  change  in 
caudle-power  was  observed  between  the  pi-eliminary  calibra- 
tion and  the  one  which  followed  eacli  evening's  work,  A 
slightly  higher  power  is  given  immediately  after  charging, 
but  a  (juarter  of  an  hour's  continuous  discharge  seemed  to 
bring  the  battery  into  a  very  steatly  condition.  The  lamp 
was  lighted  for  as  short  periods  as  passible,  about  ten 
seconds  being  sufficient  for  eaeh  reading. 

The  light  from   this  lamp  was  received  on  a  reflecting 
screen  made  of  white  Bristol  canlboard  mounted  on  an  axis 
passing  through  its  upper  edge,  and  was  arranged  so  that  it .. 
could  fold  up  (|uite  out  of  the  range  of  the  beam  of  ligUfl 
from  the  lamp. 

Above   the  reflecting  screen,  a  simple  cardboard  screen.  ] 
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with  a  fltar-shaped  hole  cut  in  it  was  fixed  in  a  horizontal 
position,  so  that  the  obser\er  when  looking  down  on  the 
box  would  see  the  reflecting  screen  through  the  star-shaped 
opening.  The  Bunsea  screen  should  be  at  least  3Mn,  Equate, 
and  the  star-shaped  hole  should  be  not  less  than  IJin, 
across. 

The  method  of  observation  coasisted  in  inclining  the 
reflecting  scrcen^t  different  angles.  In  order  that  a  con- 
venient scale  might  be  provided,  motion  was  given  to  the 
reflecting  screen  by  a  fine  chain  wound  upon  a  snail  cam 
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The  cam  was  designed  upon  the  assumption  that  the  illumi- 
nation on  the  screen  would  be  proportional  to  the  cosine 
of  the  angle  of  incidence  of  the  light  upon  it.  This  is  not 
strictly  the  case,  especially  as  a  convex  lens  wa-s  used  in 
many  of  the  experiments  to  increase  the  available  light 
from  the  electiic  lamp. 

The  object  of  the  snail  cam  was  merely  to  spread  the 
divisions  of  the  scale  more  evenly,  and  did  not  aim  at 
uniform  division.  The  scale  was  empirically  calibrated 
.  with  a  standard  candle. 

The  principal  object  of  the  measurements  of  illumination 
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made  with  this  instrument  was  to  ascertain  the  nature  of 
the  distribution  of  light  in  various  streets  and  public  places ; 
a  second  object  was  to  find  the  amount  of  illumination  in 
candle-feet  for  such  places;  and  the  third  to  deduce  the 
candle-power  of  the  lights  which  produced  that  illumi- 
nation.* 


*  Trotter,   *'The   Distribution  and  Measurement  of   niumination,*' 
**  Proceedings/'  Inst,  C.E.,  vol.  ex.,  part  iv. 
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CHAPTER  IV. 


ILLUMINATING   VALUE  OF   COAL   GAS. 

The  chapters  dealing  with  the  standards  of  light  and  the 
photometer  must  be  read  with  the  following,  whicli  only 
relates  to  that  part  of  the  subject  Hpecially  dealing 
with  photometry  in  relation  to  the  estimation  of  the  value 
of  coal  gas  as  to  its  illuminating  power.  The  legal  test  of 
the  gas  in  this  respect  consists  in  burning  the  gas  at  the 
specified  rate  of  5  cubic  feet  per  hour  in  a  standard 
burner,  and  measuring  the  rays  emitted  therefrom 
in  a  horizontal  dii-ection  only.  As  previousiy  explained, 
the  standard  of  light  employed  in  London  is  in  a  transi- 
tion state,  candles  being  used  in  the  older  pattern 
photometers,  but  in  the  stations  altered  under  the 
prescription  of  the  Gas  Referees  the  nimlified  pentane 
Argand  is  employed  by  agreement  with  the  gas  com- 
panies. In  the  Provinces  this  alteration  has  not  yet  been 
made,  although  it  is  anticipated  that  in  the  future  a  similar 
change  will  be  effected. 

The  photometer  and  standard  having  been  pi-ovided,  it  is 
easential  that  the  following  additional  apparatus  be  fitted 
thereto,  viz. : — 

(I)  An  experimental  wet  meter  indicating  the  rate  of 
consumption  of  the  gas  by  a  long  hand,  which  mak&s  one 
complete  revolution  on  the  dial  in  one  minute  for  every 
5  cubic  feet  of  gas  coasumed  per  hour.  By  this  arrange- 
ment the  rate  of  consumption  is  readily  ascertained  by 
comparing  the  rate  of  movement  of  the  meter  hand  with 
that  of  the  seconds  hand  of  a  stop  watch  or  clock. 

In  most  modem  meters   employed  for   this  purpose   a 
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clock  attaclinient  is  mounted  on  the  top  of  tlie  meter, -vvhid 
actuates  a  second  Iiand  tiavellin^  over  that  of  the  uieterj 
ao  that  when  the  pas  is  passing  at  the  preserihed  rate  ( 
5  cubic  feet  per  hour  the  two  handa  travel  togetlier. 

(2)  A  delicately  balanced  governor  to  ensure  an  even 
rate  of  flow  of  gas  to  the  burner  during  the  period  of 
testing. 

(;i)  A  iiiicroiiieter  cock,  by  means  of  which  the  rate 
of  conauniption  can  be  adjusted  with  the  greatest 
accuracy. 

(4)  .Syphons  on  all  the  connecting  pipes,  by  means  of 
which  any  water  accumulating  in  them  can  be  conveni- 
ently removed  by  tui-ning  on  the  syphon  taps  for  a  few 
moments. 

(5)  In  order  to  onalilc  the  operator  to  ascertain  the 
pressure  of  the  gas  flowing  through  any  part  of  the 
apparatus,  a  delicate  pressure  gauge,  known  as  King's 
gauge,  should  be  fitted  by  connecting  pipes  to  (rt)  the  inlet 
of  the  meter ;  (b)  the  outlet  of  the  meter ;  (c)  the  outlet  of 
the  goveraor ;  and  (d)  to  the  supply  to  burner  after  passing 
the  micrometer  cock. 

(6)  It  is  also  convenient  to  have  a  separate  stop  clock  to 
time  the  mte  of  combustion  of  spenu  by  the  candles,  when 
these  are  employed.  With  the  pentane  Argand  this  is  not 
required. 

The  following  instructions  were  given  hy  the  author  in 
his  work  on  "  Practical  Photometry,"  already  referred  to, 
for  testing  the  accuracy  of  the  respective  part  of  the  above 
apparatus. 

Syphons. — The   pipes    under    the    photometers    arc    to 
be  cleared  by  opening  the  taps  on  the  bent  syphon-pipeaJ 
until  all  water  condensed  therein  drains  out,  when  the  t 
are  to  be  carefully  turned  oft'. 

Meiers. — The  water-line  is  to  be  noticed ;  and,  if  incon'eet, 
the  proper  quantity  of  water  must  be  added,  or  removed, 
until  the  true  level  is  obtaineil.  In  the  case  of  meters 
which  have  been  rejiaired,  the  original  line  on  the  glass  is 
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sometimes  incoiTect ;  and  a  new  one  is  best  indicated  by  a 
mark  on  the  case  by  the  side  of  the  <:^lass.  When  once  this 
is  done,  it  will  remain  tme  until  the  meter  has  again  been 
to  the  makers  for  further  repairs,  when  the  true  line  must 
be  again  ascertained.  The  meter  is  then  tested  by  the  cubic- 
foot  bottle  according  to  the  instructions  laid  down  by  the 
Gas  Referees. 

The  King's  Gauge  has  now  to  be  seen  to;  and  the 
water-line  and  pointer,  if  necessary,  adjusted  as  already 
described. 

Tlie  Balance  Govrrnor  is  next  examined,  and  water 
added  if  required. 

Test  for  Leakage. — Remove  the  standard  burner  from  its 
support,  which  is  done  by  lifting  it  out  of  its  socket  or 
unscrewing,  as  the  case  may  be ;  and  screw  on  the  cap 
provided  for  this  purpose  over  the  pipe.  Then  turn  the 
gas  full  on,  and  note  the  long  hand  of  the  meter.  At  first 
a  small  quantity  of  gas  will  pass  until  the  pi'cssure  is 
equalised,  after  which  the  meter  hand  should  remain  steady. 
This  being  satisfactoiy,  the  burner  is  replaced  and  the  gas 
lighted. 

King's  Gauge, — Next  test  the  apparatus  by  means  of 
this  gauge.  Open  the  outlet  tap  on  the  side,  and  shut  off 
all  inlet  .taps,  when  the  pointer  will  fall  to  zero.  Shut  off' 
the  outlet  tap,  and  open  that  indicated  as  "inlet  of 
meter."  The  pointer  should  indicate  a  little  over  lin.  In 
case  this  should  not  be  so,  adjust  the  weights,  or  screw,  on 
the  initial  governor  under  the  bench  until  the  proper  pres- 
sure is  obtained,  when  the  inlet  tap  to  the  gauge  is  shut  off*. 

Next  open  the  tap  marked  "outlet  of  meter."  The 
pointer  should  fall  back  from  one  to  two-tenths.  If  it  fall 
more  than  this,  probably  the  meter  bearings  require  a  little 
oil,  which  is  applied  by  putting  a  few  drops  in  the  slanting 
pipe  at  the  back  of  the  meter.  Then  shut  off'  the  "  outlet 
of  meter"  tap  ;  and  open  that  marked  "  outlet  of  governor." 
The  pointer  should  again  fall  back,  and  indicate  from  six- 
tenths  to  seven-tenths.     In  case  it  does  not  do  so,  obtain 
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that  piesRure  by  increasing  oi'  decreasing  the  weights  oIP 
the  lialance  governor,  whicli  will  then  work  satisfactorily. 
In  like  inanncr  asceiiain  the  pressure  after  tho  regulating 
cock,  or  "point  of  ignition,"  as  it  is  sometimes  called.  As 
before  stated,  this  is  a  quantity  which  slightly  varies  with 
different  burnei-s ;  but,  when  once  ascertained,  it  is  a  useful 
guide. 

If  theae  operations  are  carefully  performed,  the  gaa- 
carrjing  and  regulating,  jtortion  of  the  apparatus  will  he 
known  to  be  in  good  order,  and  the  teats  may  Ite  proceeded 
with,  after  the  following  further  examinatiuns  have  been 
eatiafactorily  made. 

Standard  nnd  Meter  Clocks. — These  are  to  be  carefully 
compared  over  a  period  of  ten  minutes.  The  en-or  of  the 
meter  clock  should  not  exceed  two  seconds  in  that  time.  If 
it  is  more  than  this,  the  glass  face  in  I'emoved  and  the 
regulating  index  slightly  altered,  until  on  furtlier  trials  the 
two  clocks  work  together. 

Ciindle-balance. — This  should  bo  clean  and  free  from 
dust  and  droppings  of  sperm  from  the  candles,  esiiecially 
under  the  candle-holder,  as  a  very  sliglit  quantity  is  sufti- 
cient  to  cause  the  lialance  to  "stick,"  and  so  give  erroneous 
results,  The  candles  are  to  lie  placed  in  pasition  and 
lighted,  when  they  must  be  counterpoised  and  the  time 
noted  for  the  candle  end  nf  the  balance  to  lise  and  come  to 
rest.  This  should  not  exceed  five  or  six  seconds.  If  it  is 
greatiT  or  less  than  this  period,  the  balance  niu.st  be 
adjusted  by  sci-ewing  the  ball  on  the  top  up  or  down  until 
on  further  trials  the  projwr  rate  is  attained. 

Thf  Disc. — After  having  adjusted  the  gas-flame  to  about 
5ft.  per  hour,  and  placed  the  candles  in  gooil  burning  condi- 
tion in  the  liakncc,  proceed  to  take  a  series  of  readings  ; 
and  then  i-everse  the  disc  and  again  read.  This  is  to  be 
done  several  times ;  and  the  mean  results  of  the  readings, 
with  the  disc  in  each  position,  noted.  If  the  disc  and 
mirrors  are  in  good  order,  the  results  should  l>e  alike;  but, 
if  they  di.ingrce.a  new  disc  is  to  be  put  in  position,  ami  tlio 


M 


Cubic  Foot  Measure. 


S3 


L 


opemtions  i-epeati-d,  until  a  good  di»c  is  olitained.  In  the 
case  of  an  Evans  photometer,  these  readings  should  be  made 
with  the  two  end  doors  open. 

Tlie  Velvet  Carlaitis,  i(-c.,  of  the  photometer  should  be 
kept  free  from  dust,  which  is  a  great  reflector  of  light,  and 
a  dreadful  tell-tale  of  the  reliance  to  be  placed  on  an 
operator's  work. 

Cubic  Foot  Bottle. — For  the  purpose  of  correcting  the 
water-line  of  the  meter  a  properly  fitted  gas-testing  station 
shoulil  be  supplied  with  a  means  of  passing  a  measured 
volume  of  air  or  gas  through  the  meter.  For  this  purpose 
the  cubic-foot  bottle  is  generally  employed. 

Although  in  reality  very  simple,  the  apparatus  i-equirea 
care  in  handling  in  order  to  obtain  i-cliable  results.  It 
consists  of  an  egg-shaped  metal  vos.seI  having  a  capacity 
between  the  two  water-lines  on  the  top  and  bottom  tulies  of 
exactly  one  cubic  foot.  At  the  Iwttom  there  is  an  inlet  tap 
for  the  admission  of  water  from  an  overhead  tank  or  other 
convenient  source.  The  bottle  being  empty,  this  tap  should 
be  turned  gently  to  admit  a  small  quantity  of  water  to  the 
bottom  glass  tube  until  it  lises  to  the  paper  mark  indicating 
the  lower  water-lino.  The  tap  is  then  closetl,  and  the  three- 
way  tap  at  the  top — which  should,  during  the  aljove 
operation  have  been  opened  to  the  external  air  to  allow  the 
air  or  gas,  as  the  ca.se  may  be,  to  escape  when  the  water  was 
admitted — must  now  Ite  turned  -so  as  to  open  a  through 
passage  to  the  pipe  leading  to  the  inlet  of  the  meter.  The 
meter  hand  must  now  be  hirought  to  zero  by  passing  gas 
through  the  meter,  and  the  position  of  the  small  index  hand 
denoting  tenths  of  feet  carefully  noted.  The  micrometer 
cock  being  adju-sted  to  pa-ss  gas  at  the  mte  of  five  cubic  feet 
per  hour  to  the  burner,  the  tap  admitting  water  to  the 
cubic-foot  l>otile  must  now  !«  carefully  opened  so  as  to 
cause  a  pressure  of  gas  on  the  gauge  attached  to  the  bottle 
to  indicate  Tin.  *of  water  pressure.  The  air  or  gas  in  the 
bottle  (gas  is  now  generally  employed)  will  now  pass  to 
and  through  the  meter.     The  gauge  must  be  watched  to  see 
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that  the  pi-essiirci  does  not  great lyexcecfl  Itn.  Wlicn  tlio  Ixi 
is  full  of  water  to  the  top  water-line,  which  should  take 
twelve  iiiinutca,  the  watoi'  supply  tap  must  be  shut  off, 
anil  if  the  meter  is  correct  the  larjje  Iianrl  will  have  made 
exactly  twelve  complete  revolutionn,  thei-ehy  indicating  the 
passage  of  exactly  one  cubic  foot  of  ga,?  through  the  meter. 
Should  it  stop  sliort  of  the  zero  mark,  it  will  indicate  that 
the  capacity  of  tlie  meter  is  too  great,  and  th^efore  the 
water-line  is  too  low.  and  more  water  should  be  added  in 
about  the  proportion  of  1  oz.  for  1  percent,  of  error.  If  the 
hand  haH  passed  the  zero  mark  the  converse  is  the  case,  and 
water  shoidd  be  withdrawn.  These  operations  should  be 
repeated  until  tlie  meter  is  correct. 

It  facilitates  the  observation  of  the  rate  of  flow  of  water 
into  the  bottle  if  this  is  provided,  as  fnnnerly  suggested  by 
the  writer,  with  a  glass  water-gauge  tube,  by  means  of 
which  the  operator  can  see  at  a  glance  how  the  test  is  pro- 
gressing. This,  of  course,  can  be  done  equally  well  by 
watcliing  the  meter  hand.s,  but  in  practice  the  gauge  is  a 
great  convenience,  and  nearly  all  cubic-foot  bottles  are  now 
HO  provided, 

A  modified  form  of  this  bottle  is  prescribed  by  the 
Gas  Refci-ees.  This  has  a  capacity  of  only  one-twelfth  of  a 
cubic  foot^ 

The  record  of  all  tests  should  be  entered  at  once  as  they 
are  taken  in  a  book  kept  for  the  purpose. 

A  "  test "  will  consist  of  the  avei-age  of  ten  readings  of 
the  photometer  disc.  Tlicse  are  then  to  he  corrected  for  the 
candle  consumption,  and  the  result  again  corrected  for 
variations  in  the  rate  of  the  gas  consumed  in  con.seq\ience 
of  its  expansion  or  contraction  from  the  standard  volume 
by  reason  of  the  barometrioal  pi-essure  and  the  temperature. 
Tables  are  provided  in  the  Instructions  of  the  Gas  Referees, 
by  means  of  which  the  necessary  calculations  are  greatly 
facilitaterl.  In  fact,  the  operation  consists  in  finding  in  the 
table  the  "tabidar  number  "  corresponding  to  the  observed 
indications  of  the  barometer  and  the  thfrmomcter  attached 
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to  tho  meter,  aiid  diviilin^  the  iilmiiiiiathig  power  ascer- 
tained after  eorrectinf;  for  caiiiili!  consumption. 

Further  testings  are  made  of  the  purity  of  the  gas  in 
regard  to  the  quantity  of  ammonia,  siilphiu-,  and  sulpliuretted 
hydro^ren,  but  as  these  substances  do  not  atiect  our  present 
purpose,  they  need  not  here  be  fiirttier  refen-ed  to.     The 
methods   employed,   however,  are   fully 
yivcii  in  the  Instructions  of  the  Metro- 
politan   Gas    Referees,   which    will    be 
found  in  the  Appendix. 

The  testings  for  pressure,  however,  are 
moht  important  so  far  as  they  relate  to 
the  titilisation  of  the  gas  and  ite  regula- 
tion to  the  burners ;  but  in  regard  to 
the  legal  aspect  it  hau  little  practical 
value,  as  the  standard  of  T%in.  between 
midnight  and  sunset,  and  lin.  between 
!iun?>ct  and  midnight,  is  altogether  too 
low  to  meet  the  reijuiremeuts  of  con- 
sumers, who,  unless  better  .supplied, 
would  Hoon  iuumlate  the  companies  with 
complaints. 

In  certain  cases  on  higli-pressiiru 
maiu.'i  it  is  necessary  to  use  special  high- 
pressure  governoi-s,  but  these  are  alto- 
gether excej)tional  cases. 

The  preasure  tests  are  earned  out  in 
London  on  the  street  lamps.  The 
examiner  has  to  remove  the  lantern  and 
(ix  on- the  supply  pipe  a  pressure  gauge 
(Fig.  18 J. specially  designed  forthepuipo.se 
by  the  Gaa  Referees,  a  wood-cut  of  which  is  given.  It  will  be 
seen  that  the  arrangement  is  merely  an  ordinary  U-tube 
pressure  gauge  fitted  in  a  -special  forui  of  lantern.  The 
usuai  simple  U-tube  gauge  would  answer  the  purpose 
ciinally  well,  as  the  surrounding  ca.sing  is  merely  extra- 
neous and  ornauiental. 


Rt  la 


8G  Testing  Stations. 

In  the  Gasworks  Clauses  Act  it  is  stated  that  the  com- 
pany shall  provide  a  properly-fitted  station  for  testing  the 
illuminating  power  and  purity  of  the  gas,  but  no  specific 
position  is  assigned  for  the  station,  which  is  usually  that 
arranged  by  the  company  for  its  own  purposes.  In  the 
Metropolis  Gas  Act  of  1860,  relating  to  the  testing  of  the 
London  gas,  it  w^as  first  provided  that  the  site  of  the 
testing  place  should  be  within  1000  yards  of  the  gasworks, 
but  subsequently  in  1870  this  was  altered  so  as  to  leave 
the  Gas  Referees  a  free  hand  in  fixing  the  position  of  the 
stations,  in  order  that  the  gas  might  be  tested  in  the 
district  in  which  it  was  used  rather  than  in  the  near 
proximity  to  the  making  places. 

The  necessity  for  more  ettective  methods  of  testing  the 
illuminating  power  of  the  gas  as  supplied  to  the  consumers 
has  been  frecjucntly  pointed  out  by  the  writer  in  the 
course  of  various  ollicial  reports,  in  consequence  of  the 
discovery  that  the  gas  supplied  in  the  districts  away  from 
the  oflicial  gas- testing  stations  was  very  frequently  10  per 
cent,  and  even  20  per  cent,  below  the  standard.  This  fact  was 
also  pointed  out  at  Liverpool  by  Mr.  Bellamy,  who  adopted 
the  system  of  testing  the  quality  of  the  gas  by  the  port- 
able photometer,  with  the  result  that  the  supply,  although 
in  the  hands  of  a  company,  was  immediately  equalised 
throughout  the  district,  so  that  all  consumers  are  now 
supplied  with  gas  of  equal  value. 
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CHAPTER  V. 

JET     PHOTOMETER. 

A  DESCRIPTION  of  the  various  forms  of  photometers  would 
not  probably  be  considered  complete  without  some  reference 
to  those  instruments  which  more  strictly  belong  to  the  class 
of  indicators  rather  than  to  light  measures.  These  are  the 
jet  photometers  and  illuminating  power  meter.  The 
principle  of  these  depends  upon  the  fact  that  at  a  given 
pressure  the  volume  of  gas  which  will  pass  through  a  given 
aperture  varies  with  its  specific  gravity.  On  the 
assumption  that  the  higher  the  gravity  of  the  gas  the 
greater  will  be  its  light-giving  property',  it  follows  that  the 
quantity  of  gas  reqiiired  to  yield  a  flame  of  given  size  will 
vary  with  its  quality,  and  that  this  quality  may  be  roughly 
indicated  by  either  measuring  the  pressure  of  the  gas  at  the 
point  of  ignition  or  aperture  of  outlet,  or  by  measuring  the 
actual  volume  of  gas  ctnsumed  in  a  given  time. 

Whilst  each  of  these  factors  are  open  to  considerable 
variation,  according  to  circumstances,  yet  instruments  based 
upon  them  are  of  undoubted  value  when  the  coal  gas  is 
manufactured  under  ordimxry  ^conditions  ;  but  when  there  is 
an  excess  of  carbonic  acid  in  the  gas,  or  it  is  largely  charged 
w^ith  "water  gas"  and  petroleum  vapour,  the  conditions 
became  so  changed  that  the  indications  of  the  "jet " 
photometers  must  undergo  careful  re-adjustment  for  each 
particular  quality  of  gas  employed.  In  short,  whilst  these 
instruments  are  of  the  greatest  value  on  gasworks  as  guides 
to  those  in  charge,  they  are  not  photometers,  and  should 
never  be  used  as  such. 

Lowe's  Jet  Photometer^  impi'oved  by  Sugg, — This  instru- 
ment (Fig.  19)  is  a  delicate  pressure  gauge  with  a  jet  burner 


Jet  Photometer. 


I 


on  the  top,  frani  which  a  gas  Hanio  Tin.  in  height  is  burnt 
The  iDiiicator  is  a  pointur  actuated  by  a  tioat  in  the  hoily  of 
the  instrument,  which  float  h  elevated  by  the  pressure  of  the 
gas  admitted  through  the  inlet  pipe  from  the  main.  The 
pointer  indicates  upon  the  dial  pressures  in  hundredths  of 
an  inch  up  to  Hin.  With  the  exception  of  the  "jet/' the 
contrivance  is  simply  a  King's  gauge,  having  a  delicate 
regulating  cock,  and  a  water-line  regiilatui'. 

The  following  directions  ai'e  g^ven  for  its  adjustment  and 
use ; — In  lixiug  the  instrument,  care  must  be  taken  to  have 
it  placed  perfectly  level  upon  a  tivm  base,  so  as  not  to  be 
affected  by  vibration  or  other  disturbing  causes.  Fill  the 
tank  with  water  up  to  the  overflow  line.  Hang  on  the 
float  80  that  it  falls  on  the  left  side  of  the  wheel.  Let  the 
balance- weight  cord  have  one  turn  round  the  wheel ;  and  it 
will  then  hang  close  up  to  the  wheel  on  the  right  side-. 
Hold  the  wheel  with  the  thumb  and  linger  of  one  hand,  and 
shift  the  pointer  ^which  is  friction-tight  on  the  shaft)  with 
the  other,  till  it  stands  at  ztro.  taking  care  that  it  works 
freely.  It  is  necessary  once  a  day  to  turn  oft"  the  inlet  cock 
and  open  the  vent  cock,  in  order  to  ascertain  whether  tliu 
pointer  will  fall  to  zero  when  the  pressure  is  off.  If  it  dues 
not  do  so,  the  water-line  must  Ije  re-adjusted  as  follows : — 

Turn  on  the  cock  between  the  well  of  the  pres-sure  gauge 
and  tlie  bnuss  cylinder  fixed  on  the  left-hand  hide  of  the 
instrument,  wliich  latter  is  the  water-line  regulator.  When 
this  cock  is  open,  the  water  in  the  cylinder  rises  to  the 
height  of  that  in  the  well,  A  plunger,  which  nearly  fits 
the  cylinder,  is  attached  to  the  cover  of  the  latter  by  means 
of  &  tine-screwed  piston-rod  terminating  in  a  milled  head. 
If  it  is  made  to  descend  into  the  water,  it  causes  a  displace- 
ment equal  to  the  bulk  of  that  portion  which  is  forced 
below  the  water-line ;  and  the  water  displaced  passes  into  the 
well  of  the  pressure  gauge,  moving  the  pointer  in  the 
direction  above  zero.  If,  on  the  other  hand,  the  plunger  is 
rused  out  of  the  water  in  the  cylinder,  the  bulk  withdrawn 
is  immediately   replaced   by  water  from   the   well  of  the 
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pressure  gauge,  and  the  pointer  is  moved  in  the  direction  ot 
zero. 

As  a  modification  of  the  jet  photometer,  Messrs.  W- 
Parkinson  and  Co.  make  a  self-registering  photographic  jei 
photometer  devised  by  Messrs,  Gibbons  and  McEwens. 

The  apparatus  (Fig.  20)  consists  o£  an  ebouised  case  of  well- 
seasoned  pinewood.     The  compartment  where  the  jet  burner  j 
is   fixed  is  lined  with  tin,  and  stained  black.     There  are  i 
four  doorw,  one  to  each  compartment,  made  of  walnut,  with  \ 
patent  catches,  the  top  doors  lieing  fitted  with   plate  glaf 
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and  the  bottom  with  ruby  glass,  the  latter  to  cut  off  uafm 
actinic  rays  frora  entering  the  case. 

The  gas  to  be  tested  is  brought  in  at  cock  A,  and  taken  i 
to  experimental  ^'ovemor  B,  from  there  to  the  KingV  gauge 
C,  which  indicates  pressure  on  the  scale  at  the  side  of  the 
case  in  tenths  of  an  inch  ;  then  from  King's  gauge  the  gas 
ifl  taken  to  tlie  jet  burner  D,  behind  which  is  placed  a  pair  J 
of  graduated  glas'i  scales  divided  into  incliesand  tenths,  thai 
length    of    flame   with  a   standard   quality   of  gas    beingi 
limited  to  about  5in.  in  height. 
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The  Jight  from  the  flame  passes  through  a  HUiall  .-jldt  in 
the  camem  Vjracket  E,  wliicli  acts  as  a  leiis  and  uiverts  the  ' 
image  of  the  flame  upon  the  drum  F,  iwund  which  is  ' 
stretched  a  sheet  of  sensitive  bromide  paper,  which  is  acted 
upon  by  the  actinic  rays  from  the  gas  flame.  This  drum  ia 
enclosed  in  a  light-pi-oof  mahogany  box,  the  drum  being 
(Jriven  by  the  clock  situated  above  it,  once  round  in  twenty- 
four  hours,  exposing  about  jin.  surface  of  paper  per 
hour. 

The  instrument  is  designed  to  photograph  continuously  \ 
the  height  of  a  coal-gas  tiame,  and  to  record  it  upon  sensi- 
tised paper,  which  record  can  be  kept  for  future  refei-ence  \ 
as  to  the  actual  illuminating  power  of  the  gas  delivered  at  i 
any  date,  time,  or  place.     It  will  also  be  found  most  useful  1 
to  gas   engineers   duriug    the   coal-testing   periods,    when 
records  of  the  quality  of  the  gas  given  by  various  sauiplea   i 
of  either  coal  or  cannel  may  be  taken,  compared,  and  tiled. 
Records  may  be  taken  periodically  in  ordei'  to  see  that  the 
contractor  i^  maintaining  the  quality  of  supplies  equal  to  ] 
that  of  his  sample. 

There  is  an  adjusting  wire  in  front  of  the  drum  which 
deliuca  upon  the  paper  by  a  white  line  the  illuminating  , 
power  of  the  gas  which  is  required  to  bo  made  (this  line  being  j 
adjusted  by  an  ordinary  bar  photometer),  and  if  the  gas  be  j 
of  higher  or  lower  illuminating  power,  as  indicated  by  the 
lengthening  or  shortening  of  the  Uame,  it  will  record  ittielf  ) 
over  or  under  the  itJuminatiiig  power  line,  as  the  case  may 
be.     To  make   sure   that  the  pressure   has  been   constant  I 
duriug  the  test,  a  pressuie  line  is  recorded  along  the  bottom  I 
of  the  diagram.     The  paper  being  developed  in  the  usuiU 
way,  shows  a  graphic  deiiueation  (Fig.  21)  of  the  quality 
of  gas  sent  out  fi-om  the  works.     The  inventors  suggest  that   | 
the  print  could  be  produced  in  case  of  any  dispute  with  the 
authorities  bs  to  the  intensity  of  illumination. 

iiajjijo  Illuminalmti  Pvtver  Meter. — In  Februaiy,  1676, 
Mr.  Sugg   read   a   paper   before   the   Institution  of   Civil   i 
Engineer.'-  on  "  Estimating  the  Illuminating  Power  of  Coal 
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Gas."  from  which  the  following  doseription  of  the  illumi- 
nating power  meter  is  oxtraetcti : — 

This  instrument  wa*;  designed  by  the  inventor  principally 
fur  the  purpose  of  aiding  engineers  in  the  examination  of 
coal  and  other  substances  suitable  for  gaa-niaking.  It  is 
intended  to  test  the  illuminating  (iiiality  of  all  gases  under 
similar  circumstances,  and  to  show  their  relative  commercial 
value. 

A  "  London  "  Argand  burner,  provided  with  a  cylindrical 
chimney,  is  fixed  on  the  top  of  a  pillar  screwed  on  to  a 
hollow  i-ectangulav  tiase,  which  is  firndy  soldered  to  the 
outer  case  of  an  experimental  meter.  This  l>ase  baa  no 
communication  with  the  inside  of  the  meter  ca.se.  That 
part  of  the  pillar  between  the  top  of  the  base  and  the  btimor 
forms  a  cock,  the  gas-way  of  which  is  not  drilled  in  the 
usual  manner,  but  is  slotted  across  the  plug.  The  sides  of 
the  gas-way  being  parallel  to  each  othei',  the  cock  opens 
when  the  lever  is  turned  by  regular  gmdations  until  it  is 
full  open.  A  quadrant,  divided  into  forty-five  equal 
divisions,  attached  t^i  the  cock,  enables  the  operator  to 
regulate  thu  flow  of  gas  to  any  reipiired  i-atc  with  precision. 
Aliove  the  quadrant  a  sighting  frame  is  fixed,  having  two 
upright  pillars,  crossoti  by  a  flat  ]«ir  at  one  end,  and  at  the 
opposite  en<l  a  frame  fitted  with  blue  glass,  A  .scratch  is 
made  across  the  glass  exactly  -lin.  above  the  solM  part  of 
the  fmmc.  The  bottom  of  the  opening,  the  top  of  the 
burner,  and  the  termination  of  the  thick  part  of  the  back 
columns  are  all  on  the  same  level.  The  scratch  on  the  glass, 
and  the  Ijar  which  crosses  the  liack  pillai^s,  are  also  on  the 
same  level,  and  parallel  to  the  three  lower  points  just 
mentioned.  By  these  arrangements  the  operator  is  enabled 
to  adjust  the  height  of  the  flame  to  the  level  of  the  scmtch 
and  the  liaek  bar. 

On  the  left  side  of  the  hollow  base  on  which  the  pillar 
.stands  is  a  tulie  which  connects  this  base  to  the  outlet  of  a 
double  governor,  which  serves  to  maintain  unifonnity  of 
pressure  during  the  time  the  instrumcjit  is  in  use. 
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On  tlie  rii,'lit  of  the  hollow  base  is  fixed  a  two-way  cock, 
with  a  lever  ending  in  a  knob  fixed  to  ita  plug.  The  cock 
is  quarter  stopped :  ho  that  when  it  is  turned  in  one  direc- 
tion as  far  as  the  sttip,  it  is  full  npen,  and  in  cominuui cation 
with  the  inside  of  the  meter,  which  is  full  of  measured  gas. 
In  this  position  the  measured  gaa  passes  through  the  length 
of  the  plug  of  the  cock,  and  by  means  of  a  tube  fixed  to 
the  end  of  the  cock  at  one  end,  and  to  the  inlet  of  the 
double  governor  at  the  other,  it  finds  its  way  through  the 
governor  to  tlio  hollow  bnse,  and  finally  to  the  burner. 
While  the  gas  is  j»usiiig  to  the  burner  by  this  route,  the 
measuring  drum  of  the  meter  revolves ;  but  if  the  lever  of 
the  cock  is  tiimed  in  the  opposite  direction  until  it  meets 
the  stop,  another  route  is  opened  for  the  passage  of  the 
gas.  Now  it  proceeds  directly  from  the  iidet  of  the  meter 
without  passing  into  the  mea.suring  drum,  through  the 
length  of  the  plug  of  the  cock,  ami  out  by  tlie  same  tuW 
as  before  to  the  inlet  of  the  governor,  thence  to  find  its 
way  to  the  hollow  base  and  the  burner.  In  this  position  of 
the  lever  the  measuring  drum  of  the  meter  is  at  rest,  and 
the  gas  Is  unmeasured.  The  goi'emor  having  been  pro- 
perly adjusted,  and  the  meter  having  from  eight-tenths  to 
ten-tenths  of  pressure  at  its  inlet,  this  change  in  the 
position  of  the  lever  will  not  influence  the  height  of  the 
flame.  The  index  hand  is  attached  to  the  arlior  of  the 
measuring  drum,  and  revolves  with  it;  lioth  makings 
revolution  in  the  same  time.  The  dial  is  divided  into 
divi.sions  coiTeaponding  with  the  illuminating  power,  in 
avei"age  parliamentary  standard  sperm  canille.s,  of  the 
different  qualities  of  gas  which  will  give  a  Hame  of  3in.  in 
height.  Thus,  if  the  meter  is  supplied  with  IQ-candle 
gas,  and  the  (lame  is  maintained  at  3in.,  the  index  hand 
will  make  one  complete  revolution  in  one  minute.  If  the 
meter  is  supplied  with  12-candle  gas,  and  the  flame  is 
maintained  at  the  .lin.  line,  the  hand  will  make  one 
revolution  and  a  part  of  another,  arriving  at  the  figure  12 
in  one  minute.     With  20-candle  gas  it  will  make  less  than 
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a  complete  revolution  in  one  minute,  and  arrive  at  20. 
The  instrument  is  provided  with  a  minute  clock  with  one 
pointer  hand,  which  makes  a  complete  circuit  of  the  small 
dial  in  one  minute.  This  dial  is  divided  into  60  equal 
divisions  representing  seconds. 

On  the  right  of  the  cylinder  which  forms  the  outside 
case  of  the  meter  is  the  water-line  gauge,  fitted  with  back 
and  front  glasses.  At  the  correct  water-line  these  glasses 
are  scratched  across.  On  the  top  of  the  water  gauge  is  a 
large  nut,  which  can  be  imscrewed  when  it  is  required  to  fill 
the  meter  or  clean  the  gauge  glasses.  The  plug  at  the 
lower  part  of  the  gauge  is  for  the  purpose  of  running  out 
the  water  when  there  is  too  much  in  the  meter. 

The  mode  of  making  a  test  is  very  simple.  Turn  the 
lever  so  as  to  make  the  gas  pass  through  the  measuring 
drum,  and  let  it  get  rid  of  all  air  or  other  kinds  of  gas  in 
it  Light  the  burner  and  adjust  the  flame  to  3in.  in  height. 
Then,  when  the  large  hand  arrives  at  16,  change  the 
position  of  the  lever,  so  as  to  make  the  gas  pass  to  the 
burner  without  going  through  the  measuring  drum.  The 
large  hand  will  then  stop  at  16.  Wind  up  the  clock  by 
means  of  the  remontoir  on  the  top  of  the  meter  just  in 
rear  of  the  dial  ring.  Start  the  clock  by  moving  the  slide, 
which  is  on  the  left  of  the  meter,  close  to  the  governor. 
Then,  when  the  hand  of  the  clock  is  passing  any  one  of  the 
divisions  of  the  minute,  change  the  position  of  the  lever  of 
the  bye-pass,  so  as  to  make  the  gas  pass  through  the  meter. 
When  the  minute  hand  has  made  one  complete  revolution, 
stop  the  meter  by  means  of  the  lever,  in  the  manner  before 
described,  and  read  off  the  illuminating  power.  The 
minute  clock  should  not  be  stopped  either  before  or  after 
the  observation,  unless  it  is  desired  to  put  the  clock  entirely 
at  rest. 
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CHAPTER    VI. 

PHYSICAL  PROPERTIES  OF  COAL  GAS. 

The  term  "gas"  is  a  generic  one,  erahraeing  all  those 
substances  which  have  uniform  characteristics,  viz., 
invisibility,  impalpability,  compressibility.  They  are 
capable  of  almost  indefinite  expansion  and  compression, 
under  which  they  become  first  liquid  and  then  solid. 
Steam  is  an  admirable  example  of  a  gaseous  body.  At  a 
temperature  alx)ve  212"  F.,  it  is  an  invisible,  elastic  sub- 
stance. When  cooled  below  212''  F.,  it  becomes  liquid,  and 
is  then  known  as  water.  At  a  temperature  below  32°  F., 
it  becomes  solid,  or  ice.  The  physical  difference  between 
coal  gas  and  steam  is  that  these  temperature  boundaries, 
as  we  may  call  them,  are  far  wider  removed  from  one 
another  in  the  case  of  coal  gas  than  they  are  in  the  case  of 
steam  ;  and,  moreover,  instead  of  being  a  comparatively 
simple  molecular  body  composed  of  only  two  groups  of 
elements,  viz.,  hydrogen  and  oxygen,  as  in  the  case  of 
steam,  coal  gas  is  a  highly  complex  mixture  of  chemical 
combinations  of  those  two  elements,  together  with  carbon 
in  considerable  abundance,  and  a  little  nitrogen  and 
sulphur. 

Passing  over  the  question  of  chemical  composition  for 
the  moment,  the  point  of  immediate  importance  for  con- 
sideration is  that  of  diffimion,  as  upon  this  principle 
depends  much  of  the  work  done  in  regard  to  the  utilisation 
of  coal  gas. 

Solid  substances  when  mixed  together  and  left 
under  ordinary  circumstances,  will  remain  in  the  con- 
dition in  which  they  are  left,  but  certain  liquids — 
water  and  turpentine,  for  instance — will  rapidly  separate 
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into  two  distinct  layers,  that  having  the  gi'eatost  density 
being  at  the  bottom.  Other  substances,  audi  as  water  and 
alcohol,  if  gently  poureil  into  the  same  vessel,  will  gradually 
combine  into  one  with  no  line  of  deniai-cation  between 
them.  This  act  of  combination  is  known  as  difliLsion, 
The  way  in  which  atmospheric  air  is  diffused  or  dis.'wlved 
in  water  which  has  been  boiled  and  cooled  out  of  contact 
with  air,  affords  a  striking  example  of  the  manner  in  which 
diS'u&ion  takes  place.  By  the  following  method  thi»  action 
may  be  watched  in  the  most  charming  manner.  If  a  jar 
of  water  be  treated  with  a  few  drops  of  a  stronjr  solution 
of  the  true  hyposulphite  of  soda  (not  the  common  "  hypo  " 
of  the  photographer),  the  oxygen  dissolved  in  the  water 
will  be  rapidly  absorbed  ;  the  point  at  which  it  disappears 
is  easily  discernible  by  adding  a  few  drops  of  a  solution  of 
sutphindigotic  acid  wliich,  when  the  oxygen  is  present, 
will  impart  a  blue  colour  to  the  water.  Whun  the  oxygen 
is  all  absorbed  tho  blue  colour  is  changed  to  a  pale 
yellowish  tint.  If  the  neutral  point  is  exactly  hit,  showing 
that  all  the  oxygen  dissolved  in  the  water  has  been  absorbed 
by  the  liyposulphite,  the  re-absorption  of  fresh  quantities 
of  oxygen  will  immediately  become  visible  by  its  action  in 
re-oxidising  the  indigo  solution,  which  will  be  seen  to 
gradually  change  throughout  the  depth  of  the  liquid  as  tho 
oxygen  diffuses  into  and  thi-ongli  the  water.  This  experi- 
ment is  very  striking.  The  effect  can  be  repeated  again 
and  again  by  adding  fresh  quantities  of  the  hyposulphite 
in  quantity  Just  sufficient  to  discharge  the  blue  colour  of 
the  indigo.  There  are  various  other  ways  of  demonstmting 
the  same  action,  but  few,  if  any,  bettor  than  the  foregoing. 
The  water  shouki  be  perfectly  still  at  the  time  of  the  exfn-ri- 
ment  in  order  that  it  may  bo  seen  that  the  diffusion  is 
purely  due  to  molecular  action,  and  not  to  any  onlinary 
process  of  mixing. 

Just  as  the  gaseous  oxygen  diffuses  into  wator,  so 
will  it  diffuse  into  another  gas  whenever  the  opportunity 
presents  itself ;  and   in  like  manner  any  two  ga.ses  when 
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brought  int<i  contact  will   more  or  less  rapidly  rUft'iise  ona  I 
into  the  other,  and  thus  form  a  combined  medium  in  which  I 
the  compunent  (.dements  are  equally  distributed  throughout  I 
The  degree  of  rapidity  of  this  diffusion  will  depend  upon  I 
the  specific  gmvity  of  the  gas  in  Ljuoation,     •  "  All  gasis,  I 
according  to  the  kinetic  theory,  are  composed  of  molecules  J 
in  rapid  motion,  which  have  l)een  compared  to  elastic  balls,  1 
which  lose  no  energy  when  they  come  into  collision ;  and  f 
hence,  as  these  collisions  occur  at  infinitely  minute  intervals,  I 
there   is   a   constantly   varying  alteration    of   velocity   in  I 
direction    and    magnitude."      "Thus    the    velocity    of   i 
molecule  is  made  up  of  two  factors ;  one,  called  the  velocity* 
of  the  medium,  is  the  same  for  all  the  molecules,  while  thej 
other,  called  the  velocity  of  agitation,  is  irregular  both  i 
magnitude  and  direction."     "  The  result  of  this  motion  i^a 
that  if  in  any  part  of  the  medium  the  molecules  are  more^ 
numerous  than  in  a  neighbouring  region,  moi'e  molecules  I 
will  pass  from  the  first  region  to  the  second  than  in  the-^ 
first  direction ;  and  for  this  reason  the  density  of  the  gas 
will  tend  to  become  equal  in  all  pai-ta  of  the  vessel  contain- 
ing it,  except  in  so  far  as  the  molecules  may  be  crowded 
towards  one  direction  by  the  action  of  an  external  force, 
such  as  gra^■ity.     Since  the  motion  of  the  molecules  is  vcrj' 
swift,  the  process  of  equalisation  of  density  in  a  gas  is  a 
very  rapid  one,  its  velocity  of  propagation  through  the  gas 
being  that  of  sound."     "  Let  us  now  consider  two  gases  in 
the  same  vessel,  the  proportion  of  gases  being  different  in 
the  different  parts  of  the  vessel,  but   the  pressuie  l>eing 
everywhere  the  same.     The  agitation  of  the  molecules  will 
still  cause  more   molecules  of  the  first  gas  to  pass  from 
places  where  that  gas  is  dense  to  places  where  it  is  rare, 
than  in  the  opposite  direction ;  but  since  the  second  gas  is 
dense,  where  tlie  first  one  is  rare,  its  molecules  will  be,  I 
the  most  part,  travelling  in  the  opposite  direction.     HencsJ 
the  molecules  of  the  two  gases  will  encounter  each  other^l 
and  every  encounter  will  act  as  a  cheek  to  the  process  < 
•  "  Ency,  Britt.,"  vol.  vii.,  page  215. 
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equalisation  of  the  density  of  each  gas  throughout  the 
mixture." 

"  The  interdiffusion  of  two  gases  in  a  vessel  is,  therefore, 
a  much  slower  process  than  that  by  which  the  density  of 
a  single  gas  becomes  equalised,  though  it  appears  from  the 
theory  that  the  final  result  is  the  same,  and  that  each  gas 
is  distributed  through  the  vessel  in  precisely  the  same  way 
as  if  no  other  gas  had  been  present,  and  this  even  when  wo 
take  into  account  the  effect  of  gravity." 

"  The  values  of  the  coefficients  of  several  pairs  of  gases 
have  been  determined  by  Loschmidt.-(-  They  are  referred 
in  the  following  Table  V.  to  the  centimetre  and  the  second  as 
units,  for  the  temperature  0°  C.  and  the  pressure  of 
760  centimetres  of  mercury : — 


Table  V. 


Carbonic  acid  and  nitrous  oxide 

carbonic  oxide 
oxygen    ... 

nir     ...       ... 

marsh  gas 
Carbonic  oxide  and  oxygen  ... 
Sulpharous  acid  and  hydrogen 
Carbonic  acid  and  hydrogen 
Carbonic  oxide  and  hydrogen 
Oxygen  and  hydrogen 


»♦ 


»> 


»» 


»» 


i» 


II 


»» 


»> 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


D. 

0988 
1406 
1409 
1423 
1686 
1802 
4800 
5558 
6422 
7214 


The  specific  gravity  (air  =  1)  of  these  various  gases  are 
as  follows : — 

Table  VI. 


Carbonic  acid      

.     1-529 

Nitrous  oxide 

..     1-627 

»»               

.     1-529 

Carbonic  oxide    , 

..     0-967 

i»               

.     1-529 

Oxygen 

..     1-108 

»>               

.     1-529 

A.ur...     ...     ... 

..     1-000 

>»               

.     1-529 

Marsh  gas    ...     . 

..     0-550 

Carbonic  oxide     ...     . 

..     0-967 

Oxygen 

..     1108 

Sulphurous  acid 

.     2-247 

Hydrogen     ... 

..     0-069 

Carbonic  acid      

.     1-529 

»» 

..     0-069 

Carbonic  oxide    

.     0-967 

>» 

..     0-069 

Oxygen 

.     1-108 

»»             ••• 

..     0-069 

t  Imperial  Aci 
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Ftoiii  tliis  it  will  be  seen  that  the  diffusion  takes  place 
Rt  very  unequal  rates.  This  is  in  consequence  of  the  fact 
that  the  rate  of  diffusion  of  gases  varies  invei'sely  as  the 
Bijuare  roots  of  their  densities.  Hydrogen,  therefore,  having 
a  density  of  0'060,  will  diffuse  four  times  as  rapidly  i 
oxygen,  which  has  a  density  of  sixteen  times  that  of 
hytlrogen. 

In  oi"der  to  clear  the  way  for  another  consideration  in 
respect  to  the  action  of  burners  it  is  desirable  to  consider  the 
action  which  takes  place  when  a  jet  of  gas  is  sent  under 
pressure  into  an  atmosphere  of  another  gas  at  a  less 
pressure.  For  this  purpose  we  may  turn  to  the  principle  of 
the  Giffard's  injector,  so  generally  used  for  feeding  steam 
boilera.  In  this  contrivance  steam  blows  through  an 
annular  orifice  which  can  be  regulated  in  size,  and  as  it 
meets  the  feed-water  is  condensed,  producing  a  vacuum  and 
causing  the  water  to  rush  in  with  great  velocity,  and  to  stream 
down  the  combined  nozzle  of  the  injector,  its  velocity  being 
accelerated  by  the  pressure  of  the  steam  on  the  back  of  the 
nozzle.  In  the  lower  part  cf  the  combined  nozzle  the  steam 
expands  and  loses  velocity,  which  is  compensated  for  by  an 
increase  in  pressure  on  hydro  -  dynamic  principles 
Although  not  strictly  the  same  in  action,  yet  the  manner  in 
which  a  jet  of  gas  behaves  is  somewhat  comparable  to  that 
of  the  steam.  There  is  a  rush  of  gas  througli  an  opening 
underpressure;  this  rush  induces  a  current  of  air  to  join 
that  of  the  gas,  and,  acconling  to  the  density  of  the  gas, 
the  size  of  the  opening  and  the  pressuie  exerted,  so  will 
tho  flame  produced  by  the  jet  of  gas,  if  ignited,  yield  more 
or  less  light.  Broadly  stated,  we  may  aay,  "  Rich  gaa,  small 
orifice,  and  high  pres.sure ;  poor  gas,  large  orifice,  and  low 
prcAsurc."  For  instance,  with  a  rich  gas  we  require  an 
ample  supply  of  oxygen.  This  is  obtained  by  sending  the 
gas  through  a  small  orifice  at  a  high  pressure,  with  the 
result  that  a  larger  proportion  of  oxygen  is  dmwn  into 
the  flame  than  would  otherwise  be  the  case,  and  a  good, 
well-burning  flame  is  obtained  instead  of  an  unsteady,  j 
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smoky  flame  wliich  does  not  develop  the  full  liglitinj;  value 
of  the  gas. 

From  a  consideration  of  the  diffusive  powers  of  gases  it 
will  be  seen  that  those  gases  wliich  are  lightest  in  specific 
gravity  will  pass  through  a  given-sized  aperture  at  a  greater 
rate  than  those  of  heavier  gravity.  Therefore,  in  selecting  a 
particular  burner  for  any  special  gas,  we  should  have  regard 
to  all  thesi!  considerations.  Roughly  speaking,  coal  gas  is 
composed  of  about  HO  percent,  of  hycbrogen  and  40  per  cent. 
of  marsh  gas.  From  the  foregoing  Tables  V.  and  VI.  it  will 
be  seen  that  the  specific  gravity  of  hydrogen  (air^  1)  is0"0G9^ 
whilst  that  of  niarah  gas  is  0-550.  As  the  diffusive  powera 
vary  inversely  as  the  square  roots  of  their  densities,  the  dif- 
fusive power  of  marwh  gas  Is,  therefore,  2*85  to  1  of  hydrogen. 
Therefore  hydrogen  will  diffuse  nearly  three  times  as  fast 
as  marsh  gas,  variations  in  the  relative  proportions  of  either 
of  these  ingredients,  or  undue  proportiorts  of  carljonic  oxide, 
having  only  a  difiasive  power  of  3*8,  or  worse  still,  of  an 
excessive  quantity  of  carbonic  acid,  having  a  diffusive 
power  of  47  to  that  of  1  of  hydrogen,  will  most  seriously 
aSect  the  i-ate  of  consumption  under  given  conditions  of 
pressm-e  and  aperture,  and  consequently  the  rate  of  oxida- 
tion and  resulting  illumination  afforded. 

From  these  considei-atiuns  it  will  be  seen  that,  apart  from 
the  important  question  of  the  chemical  quality  of  the  gas, 
the  choice  of  the  mo.st  suitable  burner  must  depend  upon 
the  four  functions  referred  to  above — viz.,  the  specific 
gravity  of  the  gas,  the  pres.sure  at  which  it  is  supplied,  the 
«ize  of  the  orifice  through  which  it  is  forced  for  ignition, 
and  the  quantity  of  aii'  induced  by  the  jet  so  formed.  The 
multiplication  of  these  jets  does  not  affect  the  question, 
except  in  so  far  that  by  the  heat  radiated  from  each  of  the 
several  flames,  the  energy  of  combustion  of  its  neighl>ours 
may  be  accelerated. 

The  cause  of  the  luminosity  of  flame  has  been  a  question 
much  discussed,  and  it  will  not  be  here  out  of  place  to 
consider  some  of  the  main  points  at  issue. 
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In  1S17  Sir  Humphry  Davy  assumed  that  the  cause  of 
hiuiiiiosity  in  Haiiies  was  the  ineantlesceiicc  of  solid  particleti 
of  carbon  at  the  moment  of  their  liberation  from  chemical 
combination.  Tliis  theory  held  its  own  fov  many  years,  and 
seemed  to  gather  no  littlu  foree  from  the  results  of  experi- 
ments by  the  author  on  the  variation  in  the  luminous 
energy  emitted  from  flat  Hame  bumurs  in  different  dii-ections, 
and  by  tho  further  fact  that  the  denser  the  character  of  the 
Hames  tested  the  more  marked  became  the  reduction  in 
the  intensity  of  the  light  emitted  from  the  edge  of  the  Hame. 
For  instance,  when  an  ordinary  flat-ftanie  burner  was  tested 
in  all  azimuths,  it  was  found  that  the  light  emitted  from  the 
edge  of  the  Hame  was  less  than  that  from  the  Jtat  side  by  s< 
10  to  20  per  cent.,  and  that  when  a  dense  flat  flame — viz., 
that  producei.l  fi-om  an  albo-carbon  burner — waa  tested, 
tlie  light  from  the  edge  of  the  flame  fell  off  by  about  37 
per  cent.  The  inference  to  be  ilrawn  from  these  and 
many  similar  experiments  has  been  held  to  support  the 
theory  of  Sir  Humphry  Davy.  In  ISOS,  however,  the  late 
Sir  Edward  Frank  land  showed  that  by  pressure,  non- 
luminous  flames  might  be  made  luminous.  It  ha.s  also 
been  shown  that  luminosity  is  largely  influenced  by  l«m- 
peiutui-e,  a  fact  which  has  been  largely  made  use  of  in 
connection  with  the  recuperative  burners  first  intioduced 
by  Hcrr  F.  Siemens, 
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CHAPTER    VII. 

CHEMICAL  COMPOSITION   OF  COAL-GAS. 

As  may  be  expected  from  a  consideration  of  the  fact  that 
ahuost  every  parcel  of  coal  delivered  to  a  gasworks  must 
necessarily  have  slight  diflerences  in  quality,  so  will  the 
resulting  quality  of  the  gas  made  therefrom  vary,  especially 
when  we  take  into  account  the  different  methods  of 
manufacture,  temperature  of  retorts,  degrees  of  exhaust, 
&c 

Ordinary  16  to  17  candle  normal  coal-gas  may  be  roughly 
taken  as  consisting  of : — 


•  >  •    •  •  • 


Hydrogen 

Marsh  gas 

lUuminaDts 

Carbon  monoxide 
Carbon  dioxide  ... 
Nitrogen 
Oxjgen... 


•  •  •     .  •  • 


•  •  •     . .  • 


t.  *••  **.  ••«  •• 

••  .1.  I*.  ...  .1 

..  ..•  ••.  ••.  .. 

.•  .••  ••.  >t.  •• 

flS  •■*  ..»  •«.  ■■ 

*»  .1.  ...  •••  It 

■•  •••  •••  •••  .• 


610 
870 
60 
6*0 
00 
0*8 
0-2 

1000 


As  stated  above,  the  quality  of  the  gas  will  vary  with  the 
method  of  manufacture.  This  is  well  illustrated  by  the 
following  results,  obtained  by  Mr.  Lewis  T.  Wright,  and 
published  by  him  in  the  Journal  of  the  Chemical  Society 
(1884,  page  99),  to  which  the  author  has  added  a  column 
showing  the  value  of  the  gas  in  each  case,  in  terms  of 
"  pounds  of  sperm  per  ton  of  coal "  for  better  com- 
parison. 

In  each  case  equal  quantities  of  the  same  coal  were  dis- 
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tilled  under  like  cii'cu instances,  with  the  sole  difference  of 
temperature  as  shown  in  the  Table  VII. 
Tabu  VII. 


f 

CbomiisBl  Dampodtloiiafgu, 

"'t 

ti 

~i 

Te^ixraturo. 

8g 

i 

f 

f 

= 

'1 

-i 

■    5 

r 

n 
1 

1 

1 

5 

i 

k 

I. 

DallreJ 

B,2:,o 

20-5 

33,930 

580  88- 09 

42-72 

7-55 

8-72 

2-92 

11. 

Hotter 

9.693 

17-8 

34.510 

592'4.S-77 

34 -.W 

S-83 

12-60 

3-40 

TlI. 

Boltcc 

10.821 

ia-7  39, UO 

620    lost 

lost 

lout 

loat 

lost 

IV. 

Bright  orange 

i2,ooe 

mtl  37.460 

64248-02 

1 

30-70 

4. 11 

1396 

2-81 

Hunt*  lias  carried  this  point  a  »tep  further,  and  has 
shown  tliat  the  Iiii^licr  the  tenipcrature  employed  in 
carboiiisinj;  up  to  a  certain  point  the  greater  the  value  of 
the  gas  produced,  a  result  no  doubt  largely  due  to  a  portion 
of  the  tar  being  {^ified.  Upon  further  inci-casc  in  the 
tfinpcratui-e  a  decrease  in  the  vahn'  of  the  {jas  made  per 
ton  occurs  as  fullows;^ 

Tablk   VIII. 


TBmprrBttire.       ! 

fiihio  feet 

1.1    gM 

perloD. 

III.  |,C«:0 

L'andlei'  \<et  ton. 

PuuiuIb  of 

V. 

C. 

per  Ion. 

1400 

700     ! 

O.O.l.'i 

lH-36 

80.5ijr. 

623 

liV20 

K27     1 

11.179 

IB'OO     1 

40.248 

690 

16M0 

871      1 

12.«77 

17-79     1 

42,963 

787 

1740 

948     1 

12,01  r, 

lB-82 

42,155 

728 

IHS.') 

1002 

14,149 

14-28 

40,412 

698 

See  Hunto: 
jiaRfs  20  iinJ   ;■ 
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This  agrees  with  the  following  results  obtained  by  the 
author,  viz.: — 


Table  IX. 


Temperatore. 

Cabio 

feet  per 

ton. 

Illu- 
minating 
power. 

C indies  per  too. 

Pounds  of 

F. 

C. 

sperm 
per  ton. 

1882 
1517 
1607 

750° 
825° 
875° 

8,700 

10,885 

11,968 

16-50 
15  04 
14-80 

28,710 
82,592 
85,481 

492 
559 
608 

According  to  M.  Princep  : — 

Red  heat        =  649°  C.  -  1200°  F. 
Orange  heat  =  899°  C.  =  1650°  F. 

From  these  results  it  will  be  seen  how  important  it  is  to 
carefully  consider  all  the  data  in  regard  to  the  gas-making 
qualities  of  coal.  The  value  of  the  tar,  ammoniacal  liquor, 
and  coke  obtained  must  also  be  taken  into  consideration, 
but  in  respect  to  tlie  scope  of  the  present  work  these  need 
not  be  now  further  considered. 

It  may  be  useful  to  tl)(^  non-technical  reader  to  mention 
how  the  factors  cuvtlJes  per  ton  and  pounds  of  apevm  per 
ton  are  arrived  at. 

The  standard  rate  at  which  the  gas  is  consumed  when 
being  tested  for  its  illuminating  power  is  5  cubic  feet  per 
hour.  Therefore,  the  volume  of  gas  made  per  ton  is  divided 
by  .5  to  ascertain  the  immber  of  hours  during  which  the 
given  quantity  of  gas  would  continue  to  give  its  standard 
light.  If  this  be  equal  to,  say,  16*  5  candles,  each  burning 
spermaceti  at  the  parliamentary  rate  of  120  grains  per  hour, 
then  one-fifth  of  the  quantity  of  gas  made  per  ton  of  coal 
multiplied  by  its  illuminating  power  will  equal  the  "candles 
per  ton."  On  multiplying  this  factor  by  120  and  dividing 
by   7O0O    the   "  pounds    of    sperm    per    ton "   are    found. 
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Shortly  :— 


Candles  per  ton  = 


make 


X  illuminating  power. 


Pounds  of  sperm  per  ton  =  illuminating  power  X  make  X 

0' 00848. 
Coals  of  low  grade  will  yield        480  lb.  of  sperm  per  ton. 

average      „        „  580 

high  „        „  560 


♦» 


f» 


»» 

It 


i> 


at  normal  working  temperatures. 

Table  X.,  which  has  been  compiled  for  the  purpose  of  the 
present  work  by  Mr.  H.  Leicester  Greville,  F.I.C.,  chemist 
to  the  Commercial  Gas  Company,  shows  the  differences  in 
the  quality  of  a  gas  by  reason  of  the  processes  of  purifica- 
tion which  it  undergoes  between  its  evolution  from  the 
coal  in  the  retort  to  the  time  of  iis  delivery  to  the  con- 


suiiier. 


Table    X. 


Constitaent. 

Crude. 

Ootlet 
of  scrubber. 

Outlet  of 
Iron  P. 

OuUet  of 
lime  P. 

Hydrogen     

Marsh  gas     

Heavy  hydrocarbons  .. 

Carbon  dioxide     

Hydrogen  sulphide     .. 

Nitrogen        

Ammonia      

Carbon  monoxide 

.        47-5 
85-5 
4-8 
1-4 
1-6 
8-0 
0-7 
6-0 

48-5 
86-8 
4-0 
10 
0-5 
80 
nil 
61 

48-8 
86-6 

4-0 

10 

nil 

80 

nil 

61 

49-8 
86*9 

4-0 

nil 

nil 

80 

nil 

6-2 

100-0 

99  4 

99-4 

99*4 

By  this  we  see  that  the  process  of  purification  has  re- 
moved the  ammonia,  sulphuretted  hydrogen,  and  the 
carbonic  acid. 

It  will  be  noticed  that  in  all  the  foregoing  analyses  we 
have  e(»rtain  factors  vof erred  to  indifferently  as  "  Illumin- 
ants,'    '' OloHnos,"     and     "Heavy      Hydrocarbons."       The 
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student  will  naturally  wonder  and  ask  the  reason  of  this. 
The  answer  is  that  the  methods  of  gas  analyses  were  and 
are  very  indefinite  as  regards  the  estimation  of  the 
illuminating  constituents.  After  numerous  researches, 
Prof.  Lewes  gave  the  following  as  an  approximation  of 
the  percentage  of  the  various  illuminants  in  a  sample  of 
South  Metropolitan  gas. 

The  total  of  the  illuminants  is  stated  to  be  accurate,  and 
it  is  claimed  that  their  rough  sub-division  gives  a  far 
clearer  insight  into  the  character  of  the  gas  than 
hitherto* : — 


Illumi- 
nants 


Methane  series 


Hydrogen        

Ethylene  series) 
Benzene   series ) 

(by  paraffin... 

i  by  explosion 

Carbon  monoxide 

Carbon  dioxide       

V/A  YICwXa         •••  ••«  ■••  •••  ••« 

Nitrogen 


•  •  • 

47-9 

( 

3-5^ 

1 

0-9 

7-9 

33-3^ 

6-0 

0-0 

0-5 

0-0 

Total  hydro- 
carbons, 
45  *  6  per  cent. 


100  0 


The  student  will  again  probably  inquire  as  to  which  of 
these  substances  the  illuminative  effect  of  coal-gas  is  due. 

This  has  been  answered  by  the  researches  of  Frankland 
and  Thorne,  Kimblach,  and  others,  which  may  be  sum- 
marised in  the  following  Table  XI.: — 

Table  XI. — Illuminating  Value  of  Hydrocarbons  per  five 

cubic  feet  of  gas. 


Methane    ... 

6*2  cand 

Ethane 

..      36-7 

Propane     ... 

...      66-7 

Ethylene    ... 

...      70-0 

Benzene    ... 

...     420-0 

Toluene     ... 

...     741-7 

Naphthalene 

...     990-9 

The  effect  of  diluting  ethylene,  as  a  representative  of 
*  Lewes,  Society  of  Arts,  Decombor  Ist,  1890. 
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the  illiniiinating  constituents  in  coal-gas,  with  various  other! 
gases,  has  been  studied  by  Dr.  Percy  Frankland,  who! 
obtained  the  following  results* : — 

Table  Xll.~Combu»tibU  Diluente. 


DiloeDt. 

n.ll.«fc« 

etbyleiw. 

dilDeat. 

por  5  cubic  feet 

p«  hour. 

' 

77-55 

22-45 

54-58 

68-39 

31-61 

48  87 

68' 5a 

46-42 

89 '21 

Hydrogen     - 

85-47 

64-53 

30-85 

26-08 

78-92 

22-84 

13-37 

86-68 

6-73 

. 

10-00 

90-00 

0-00 

81-65 

18-85 

55- '27 

67-75 

32-25 

47 -'(8 

4680 

53-70 

33-09 

Carbon  nionoxido   - 

37-94 

62-06 

26-52 

■28-73 

71-27 

13-26 

23-89 

76-11 

6-56 

20-00 

80-00 

0-00 

f 

85-67 

14-88 

57-91 

69-09 

30-91 

47-68 

Uelhane       - 

57-74 
85-90 

42 -26 
64  10 

40  ■42 
33-17 

13-00 

87-00 

19-35 

7-87 

92-13 

17-59 

As  ethylene,  by  the  previous  Table  XI.,  liad  an  initial  J 
illuminative  value  of  70  candles,  it  will  be  seen  by  the 
above  how  this  iniality  is  alfeeteil  by  difTerent  degrees  of 
dilution  with  gaaes  which  in  themselves  are  combustible, 
but  capable  of  affording  pi-aetically  no  illumination  under 
ordinary  conditions. 

Mcthven  showctl-f-  in   1889  that  candles  burning  in  tbeV 

ordinary  atniasphere,  -when  the  temperature  from  day  to  J 

day  wa.t  practically  constant  throughout  the  expeiiments,  [ 

*  JiMrnal  of  the  Society  of  Chomical  Industiy,  vol.  iii.,  page  275. 

t  ■'  Photometry,"  b;  J.  Klethven,  Southom  District  AEBocUtion  of  Qh   ] 

EDBineerB  and  Muiagora,  November  14tb,  1680. 
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possessed  a  light  value  of  1*  104  candles,  compared  with  a 
light  of  constant  power,  per  120  grains  consumed,  which 
was  increased  when  they  were  burnt  in  a  dry  atmosphere 
to  1*196  candles  per  120  grains,  or  an  increase  of  8*38  per 
cent.     Continuing   these   researches  on  the   influence    of 

Table  XIIl. — Non-conibusHble  Diluents. 


Percentage 

Percentage 

Candle-power  per 
5  cubic  feet 

Dilneni. 

of 

of 

ethylene. 

dilaent. 

of  gas. 

r 

93-68 

6-32 

65-52 

90-59 

9-41 

51- 

'81 

89-03 

10-97 

49' 

98 

81-73 

18-27 

42' 

•81 

Carbon-dioxide   ...• 

70-75 

29-25 

33* 

23 

64-14 

35-85 

26" 

52 

52-94 

47-06 

14 

72 

45-61 

54-39 

7' 

49 

^ 

40-00 

60-00 

0 

00 

r 

84-69 

15-31 

51 

96 

71-12 

28-88 

39' 

•58 

Nitrogen    - 

59-93 
47-08 

40  07 
52-92 

29 
20 

•64 
•81 

36-24 

63-76 

11 

•82 

V 

28-81 

71-19 

7 

•20 

^ 

82-57 

17-43 

70 

•93 

80-67 

19-33 

72 

•53 

Oxygen -^ 

75-51 

24-49 

74 

•19 

68-50 

31-50 

71 

•17 

< 

60-69 

39-51 

Explosion 

f 

79-68 

20-32 

54-45 

67-15 

32-85 

45-84 

55-92 

44-08 

37-16 

42-69 

57-31 

26-78 

33-91 

66-09 

16-22 

22-31 

77-69 

0-61 

< 

13-31 

86-69 

Explosion 

aqueous  vapour  on  flames  from  different  burners,  Methven 
observed  that  when  dried  air  is  supplied  to  the  flame 
the  light  therefrom  is  practically  of  constant  quality ;  but 
when  saturated  air  is  supplied,  with  increasing  tempera- 
ture, the  light  vahie  is  rapidly  diminished.     Thus,  between 
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the  temperatures  of  50°  and  75^  F.  a  loss  of  10  per  cent,  of 
light  value  from  the  5ft.  flame  results. 

Coal-gas  contains  normally  about  2  per  cent,  of  moisture, 
which  reduces  the  illuminating  power  of  the  dry  gas  to  the 
extent  of  3*3  per  cent. 

Wurtz  carried  out  a  series  of  experiments  to  ascei'tain 
the  effect  of  the  addition  of  air  to  coal-gas  with  the  follow- 


ing  results : — 

Table  XTV. 

Air  added. 

Pdrcentage  loss  of  Ught. 

3-00 

16-69 

4-96 

23-83 

11-71 

41-46 

16-18 

67-63 

25-00 

84-00 

According  to  Professor  Lewes,*  the  addition  of 
oxygen  to  gases  rich  in  hydrocarbons  caases  an  increase 
in  the  illuminating  power  up  to  a  certain  point.  The 
temperature  of  the  flame  is  increased  by  burning  up  the 
hydrogen  of  the  hydrocarbons,  and  rendering  the  carbon 
incandescent  without  diluting  the  flame  with  nitrogen  to 

Tablk  XV. 


Volume  taken. 

Temperature,  °  C. 

Gas. 

Dilaent. 

Air. 

Nitrogen. 

Carbon 
dioxide. 

1  vol. 
1     „ 
1     „ 

1  vol. 

2  „ 

3  „ 

1260 
1116 

1180 
1150 
1040 

1100 
880 
780 

the  extent  which  would  have  been  necessary  had  air  been 
used  for  the  purpose. 

The  cflect  of  *such  gas  as  hydrogen,  marsh  gas,  and 
carbon  monoxide,  is  simply  to  dilute  the  flame,  and,  by 
separating   the   molecules   of    the   hydrocarbons,  to  make 

•  Cantor  Lectures,  1800. 
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them  more  difficult  to  decompose ;  whilst  such  bodies  as 
the  carbon  dioxide,  nitrogen,  air,  and  water  vapour,  not 
only  dilute,  but  also  cool  the  flame  (Table  XV.),  as  they  do 
not  add  to  the  heat  by  any  action  of  their  own,  and  have 
to  be  heated  up  to  the  same  temperature  as  the  flame  itself. 
Rosette  determined  the  temperature  of  a  gas  flame 
diluted  with  air,  nitrogen,  and  carbon  dioxide  respectively, 
and  found  that  it  was  least  with  the  carbon  dioxide  and 
highest  with  air,  a  result  which  agrees  with  Dr.  Frank- 
land's  determination  of  illuminating  power. 
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CHAPTER    VIII. 

ENRICHMENT. 


It  has  lieen  contemk'd  that  the  cheapest-  gas  is  by  no 
means  always  the  most  econouiicat  when  used  in  flat-flame 
hurners,  although  the  ease  is  doubtless  different  when  the 
incandescent  ijiantlcs  are  employed. 

This  point  was  clearly  brought  out  in  connection  with  an 
experiment  made  in  London  in  con.sequence  of  a  suggestion 
that  the  effect  of  the  enrichment  of  the  gas  was  only  a 
useless  expense,  and  that  if  stopped,  the  consumer  would 
not  know  the  difference,  and  that  there  would  be 
no  complaints.  During  this  experiment,  viz.,  from 
April  24th  to  May  5th,  189+,  the  gas  was  tested  as 
usual  at  the  ofticial  stations,  and  also  by  means  of 
the  portable  photometer,  both  at  the  stations  and 
in  the  districts  away  from  the  fixed  stations,  with  the 
result  that  the  f[uality  of  the  gas  was  found  to  be  fairly 
uniform,  viz,  150  candles.  The  experiment  of  supplying 
anenriched  gas  being  concluded,  carburetting  was  t^ain 
resorted  to,  and  the  series  of  tests  repeated  in  the  same 
order  and  places  under  precisely  the  same  conditions,  with 
the  result  that  the  quality  of  the  gas  in  the  districts  was 
found  to  be  14'8-)  candles,  and  that  at  the  official  fixed 
stations  IG'^  candles. 

From  this  it  became  clear  that  as  the  former  set  of 
testings,  made  when  the  gas  was  supplied  unearbu retted, 
indicated  a  fairlj'  unifonu  supply,  so  these  later  tests  madoJ 
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after  the  resuiDption  of  the  carburetting  process  most 
clearly  demonstrate  that  the  effect  of  that  process  is  limited 
in  its  operation  to  the  official  testing  place  and  its  near 
proximity.  This  result  fully  explained  any  failure  on  the 
part  of  the  consumers  to  detect  any  difference  in  the  quality 
of  the  gas  supplied  to  them  during  the  two  weeks  of  the 
experiment. 

These  facts  made  more  fully  evident  the  necessity  for 
maintaining  the  prescribed  quality  of  the  gas  throughout 
the  whole  of  the  districts.  For  the  purpose  of  elucidating 
the  fact  more  clearly,  the  writer  made  a  careful  series  of 
experiments  to  determine  the  quantity  of  gas  of  different 
illuminating  powers  required  to  produce  a  uniform  light 
when  consumed  in  either  of  two  of  the  most  generally 
employed  forms  of  burners,  and  these  results  were  given  in 
the  report  previously  referred  to,  from  which  the  following 
Table  XVI.  is  taken : — 


Corrected  value  of  the 
gas  in  terms  of  legal  candles. 


Table  XVI. 

Cubic  feet  of  gas  required  to 
}ield  11*87  candles  of  light  from 
"Batswing."  "Fishtail." 


13-6  to  13-9 

.       5-48 

6-33 

14-0  to  14-5 

5-95 

6-20 

14-6  to  14-9 

4-75 

5-59 

15-0tol5r) 

4-75 

5-70 

15-6  to  16-0 

4.40 

4-86 

Over  16-0 

•••          ••■          ••• 

4-00 

4-64 

From  these  results  it  appears  that  in  order  to  obtain 
the  same  quantity  of  light  from  a  "batswing"  burner 
consuming  14*0  candle  gas  as  would  be  obtained  with  IC'O 
candle  gas,  about  5*95  cubic  feet  per  hour  must  be  con- 
sumed instead  of  4*4  cubic  feet,  or  35  per  cent,  more; 
with  15*0  candle  gas  instead  of  16*0,  the  increase  is  from 
4  0  to  about  4j-,  or  18  per  cent. 

With  a  "fishtail"  burner  the  increase  in  the  quantity  of 
gas,  w^hen  14*0  candle  gas  is  employed  is  about  33  per 
cent.,  and  when  15  0  candle  gas  is  used,  about  18  per  cent. 
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Acciirdiiig  to   this   i 


i»iI»aM> 


,  til 


le  consitiuer 


,v>in 


eitlicr  of  ttiL'St-  burners 
more  foi'  Iiis  gas  to  obtain  equal  intensity  of  light,  in  the 
event  of  the  quality  lieing  lowered  from  16'0  to  lo*0 
candles.  The  mtios  will  be  vai-ied  considerably  with 
different  burners  and  qualities  of  gas,  but  the  chief  feature 
will  remain. 

The  summarised  conclusions  of  the  experiments  wore  as 
follows : — 

(1)  That  the  effect  of  the  present  system  of  enrichment 
is  partial,  and  in  proximity  to  the  stations, 

(2)  Tliat  the  effect  of  a  reduction  in  the  quality  of  the 
gas  is  equal  to  a  far  larger  increase  in  the  quantity  required 
for  unit  light  than  is  compensated  for  by  a  rcihietion  in 
price. 

(3)  That  the  testings  by  tlic  portable  photometer  are 
absolutely  relialjle. 

The  facts  thus  brought  out  by  the  investigation  cannot 
fail  to  be  of  assistance  in  similar  instances,  and  point  to 
the  absolute  fallacy  of  any  conclusions  as  to  the  fairness 
nr  otherwise  of  the  price  of  gas,  which  do  not  at  the  same 
time  take  into  account  the  whole  question  of  quality,  not 
merely  in  regard  to  what  is  euphemistically  termed  the 
"  statutory  power,"  but  to  the  actual  and  real  power  for 
lighting  purposes  of  the  gas  supplied  to  the  consumers, 
according  to  the  burner  which  is  used. 

This  point  was  more  clearly  brought  out  in  the  following 
account  of  experiments  submitted  by  the  author  to  the 
Society  of  Chemical  Industry  in  December,  1900  :— 

The  use  of  coal  gas  purely  as  a  heating  agent  raises 
another  point  entirely  apart  from  that  of  the  illuminating 
effect  when  the  gas  is  burnt  in  those  burners  commonly 
employed.  The  question  is  also  complicated  by  the  recent 
introiluction  of  the  incandescent  gas  burners,  or  "  mantles," 
which  materially  affect  the  question  so  far  as  the  number 
employed  bears  any  ratio  to  the  total  number  of  burners 
of  all  kinds  in  general  use. 
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If  none  but  incanfiescent  Ijumefs  were  employed,  then  it 
might  be  j,'Tanteil  at  once  that  the  olil  idea  of  "  illuminating 
power "  of  coal  gas  must  hie  very  largely  anrl  sei'iously 
modifieil — so  iiiiidi  so  that  the  expresMion  "  lieatiny  powev  " 
might  fiafelj'  be  used  in  its  place.  As  long,  howevei,  na 
the  grejit  proportion  of  the  gas  is  consuuied  in  ordinary 
luminous  flame  burners,  it  must  be  admitted  that  there  is 
no  cxcu.sc  for  neglecting  the  effect  of  vaiiations  in  ijuality 
upon  the  quantity  of  gas  requiivd  to  give  noruial  or  "  unit " 
illumination. 

If  the  quantity  of  gas  required  to  be  burnt  to 
afford  any  desired  <legree  of  illumination  he  a  variable 
factor,  in  conaec^uence  of  fluctuation  in  quality,  and  the 
gas  BO  employed  be  charged  for  at  a  uniform  rate  for 
each  cubic  foot  used,  the  actual  cost  of  that  degree  of 
ilhimiuatinn  must  vary  with  the  quantity.  Thus,  a  gas 
of  higher  price,  but  of  higher  quality,  may  l>e  far  cheaper 
to  the  consuHier  than  i^  a  gas  of  lower  price  but  lower 
quality.  These  two  factors  must  be  taken  together,  and. 
in  onler  to  obtain  a  proper  estimate  of  their  ratios,  tlie 
conditions  under  which  the  gas  is  to  be  consumetl  must 
first  be  detennined,  as  these  conditions  will  materially  affect 
tJie  pi-oblem.  Taking  the  extremes,  for  instance,  the  value 
may  depend  upon  quantity  only  if  the  basis  Ije  that  of  the 
incandescent  burner,  but  even  then  the  heating  value  of 
the  gas  should  be  taken  into  account.  On  the  other  haad, 
if  the  ba-iis  be  that  of  a  flat-flame  burner,  then  the  value 
must  depend  upon  illuminative  effect  as  well  as  on  the 
quantity  requireil  to  l>o  consumed. 

These  considerations  have  rendered  it  necessary  that  the 
effect  of  conauraiug  gases  of  different  qualities  in  those 
burners  commonly  employed,  as  well  as  in  the  standard 
Argand  and  incandescent  buruei-s,  should  be  ck-arly  esta- 
blishetl.  To  assist  in  this  the  author  has  conducted  a 
number  of  tests  with  various  burners  and  ditterent  qualities 
of  gas  in  regard  to  the  quantity  required  to  yield  the 
maximum    or    "  normal "    light    from    any    given  burner 
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when    burnintj    IC'O    candle   gas  under  the  most  suitable  | 
conditions. 

After  a  preliminary  series  of  experiments  of  a  necessarily  I 
limited  character,  the  author  arranged  six  aeries  of  photo- 
metrical  te^its.     The  first  of   thase  was  made  with  coal-gas 
at  Widnes;  the  second  with  gas  supplied  by  the  Gas  Light  ^ 
and  Coke  Company ;  the  third  with  gas  supplied  by  the  . 
South  Metropolitan  Gas  Company  ;    and  the  fourth,  fifth, 
and  sixth  with  coal  and  water  gases  in  various  proportions.  J 

For  the  purpose  of  the  first  series  of  experiments,  Mr, 
Carr,  the  manager  of  the   Widuea   Corporation  Gasworks, 
kindly  prepared  different  qualities  of  gas  from  time  to  time  ' 
and  stored  them  in  an  experimental  100ft.  holder,  which 
was  connected  to  the  author's  photometer.     The  procedure 
was  to  first  carefully  test  the  quality  of  the  gas  when  burnt 
at  the  I'ate  of  J  cubic  feet  per  hour  in  a  No,  1  London  Argand 
burner,   or   what   is    couuiioidy    called    its    "  illuminating  | 
power,"  and  then   to  burn   it   in  various   gas   bumers   in -J 
succession,  making   photometrical   determinations    of   the  J 
light  and  estimations  of  the  quantity  of  gas  consumed. 

The  first  aeries  of  tests  wa^  made  with  gas  which  had  an 
illuminating  power  of  IGjJ  candles  when  burnt  at  the  rate 
of  5  cubic  feet  per  hour  in  the  standard  Argand  burner. 
This  value  was  asceitained  by  independent  tests  by  different 
observers  using  two  difi'erent  photometers,  viz.,  the  closed 
Evans  photouieter  on  the  works,  using  candles  as  a  standard, 
and  the  author's  portable  bar  photometer,  using  the  Dibdin 
10-candIo  Pentane  Argand  standard,  as  recommended  by  the  i 
Board  of  Trade  Coiniiiittee.     The  value  of  the  gas  being  I 
thus  ascertained,  the  standard  London  Argand  burner  on  the  j 
poitable  photometer  was  removed  and  a  Sugg's  "  tablo-top' 
burner  No,  i  placed  in  position,  and  the  gas  adjusted  until  1 
a  fair  and  even-burning  fiame  was  obtained,  which  was  1 
found  to  be  equal  to  14'4  candles.     The  quantity  of  gas  1 
consumed  was  then  ascertained  by  means  of  the  ex peii mental  ( 
meter,  whieh  was  found  to  indicate  a  rate  of  5'3  cubic  feet 
per  hour. 
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QnaUfy  and  Cun!<uinpiiim,  111) 

In  like  uianner  twenty-eight  burners  were  tested  in  suc- 
cession with  the  same  gas,  and  the  results  recorded  in  the 
attached  Table  XVIL,  in  the  ninth  column,  headed  "  10*2 
candles,"  which  refers  to  the  quality  of  the  gas  employed  in 
the  experiments  in  question. 

On  the  completion  of  the  tests  of  all  the  burners  with 
16*2  candle  gas,  the  gas  unused  in  the  experimental  100ft. 
holder  was  again  examined  to  make  certain  that  no  change 
in  the  illuminating  power  of  the  gas  had  taken  place,  the 
remainder  displaced  and  the  holder  filled  up  with  gas  of 
another  quality,  when  the  tests  were  repeated  in  a  precisely 
similar  manner,  the  greatest  care  being  taken  to  ensure  that 
as  far  as  possible  the  experiments  were  strictly  comparable. 

In  this  way  it  was  ascertained  that  the  flat-flame  burner 
flrst  tested,  viz.,  Sugg  s  table-top  No.  4,  which  gave  14*4 
candles  of  light  with  5 '3  cubic  feet  per  hour  of  16*2  candle 
gas,  required,  to  produce  the  same  illumination,  CI  cubic 
feet  per  hour,  when  the  illuminating  power  of  the  gas  was 
reduced  to  15*2  candles;  G'4  cubic  feet  with  14*2  candle 
gas;  7*75  cubic  feet  with  13  o  candle  gas;  J)  7  cubic  feet 
per  hour  with  12*2  candle  gas;  and  11*2  cubic  feet  per 
hour  with  11*2  candle  gas;  whilst  when  the  quality  of 
the  gas  was  raised  to  17*2  candles,  the  consumption 
rctjuired  to  yield  the  same  unit  or  normal  lighting  power  of 
14*4  candles  was  reduced  to  4*5  cubic  feet  per  hour;  and 
with  19'2  candle  gas  the  consumption  was  only  3  1)  cubic 
feet  per  hour. 

In  like  manner  the  whole  of  the  burners  were  tested,  and 
the  results  tabulated  as  shown.  Kjom  this  table  another 
(Table  XVIII.)  was  prepared,  in  which  all  the  results  are 
ivduced  to  tenns  of  percentage  ({uantity  of  gas  consumed, 
\m  the  basis  that  tlie  16*2  candle  gas  was  normal,  and 
therefore  taken  at  100.  By  this  method  of  comparison  the 
extra  quantity  of  gas  re(|uire<l  to  compensate  for  defective 
quality  is  at  once  seen  ;  and,  in  like  manner,  the  reduction 
in  the  (quantity  required  to  produce  unit  light  as  the  quality 
increases. 
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In  certain  instances  with  low-grade  gas  the  burners  could 
nut  properly  consinne  sufficient  gas  to  give  the  amuunt  of 
li;^ht  afforded  when  thL>  ll)-2  candle  gas  was  employed,  and 
corrections  had  therefore  to  be  applied.  Where  tins  was 
done  the  fact  is  indicated  in  the  tables  by  an  asterisk. 
Thus,  in  the  case  o£  Sugg's  table  Uip  burner  No.  7,  24'(i 
candles  of  light  were  obtained  with  ga.ses  down  to  12*2 
candles,  but  when  112  candle  gas  was  used,  only  20*2 
candles  could  be  obtained  instead  of  24-(i.  As  the  consump- 
tion of  gas  was  lOS  cubic  feet  per  hour,  13*1  cubic  feet 
wouM  have  been  neccKsary  to  yield  the  2i6  candles  of 
light.  These  coirections  more  particularly  apply  to  burnei-s 
adapted  for  veiy  rich  gases  when  employed  with  low-grade 
gases.  On  the  basis  of  a  suffieient  numbtT  of  burners  being 
employed  to  burn  the  total  quantity  of  gas  of  a  given 
iliiality  to  yield  the  volume  of  light  required,  this  method 
of  approxhnatiou  would  prol«ibly  give  slightly  too  low  a 
result. 

The  diagram,  A  (see  pa^o  121),  shows  the  effect  of 
any  alteration  in  the  quality  upon  the  actual  cost  of  the 
gas  required  to  produce  unit  light  with  certain  repivsen- 
tativc  burners. 

On  the  left-hand  aide  of  the  diagram,  the  volume  of  gas 
i.i  indicated  in  terms  of  percentage  for  tlie  various  abscissie, 
and  on  the  right-hand  side  the  corresponding  increase  or 
decrease  in  the  cost  is  shown,  on  the  basis  that  IGO  candle 
gas  costs  28.  6d.  per  1000  cubic  feet.  The  ordinates  indicate 
the  candle-power  of  gas  supplied.  Ttie  curves  represent 
unit  or  normal  intensity  of  the  light  yielded  by  the 
respective  burners  when  burning  1U2  candle  gas  with  a 
consumption  most  suited  to  them,  as  shown  in  the  third 
column  of  Table  XVIII. 

The  lx)ttoui  curve  on  the  left-liand  side  of  the  diagram 
cuts  tlie  onlinate  for  iy"2  candle  gas  on  the  abscis.sa 
representing  CO  per  cent,  of  the  quantity  of  gas  re<iuired 
when  1G"2  candle  gas  is  emphiyed.  This  curve  then  pro- 
ceeds  upwards   until   it   crosses  the  onlinate  representin;; 
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17*2  caiuUe  ^^as,  which  cuts  the  abscissa  for  83  per  cent,  of 
normal  vahie.  The  curve  then  crosses  the  ordinate  for 
16  2  candle  gas  on  the  abscissa  for  100  or  normal  volume. 
The  curve  then  proceeds  until  it  cuts  the  ordinate  for  15*2 
candle  gas  on  the  abscissa  for  134  per  cent.;  and  in  like 
manner  the  ordinate  for  14*2  candle  gas  at  180  per  cent.; 
13*5  candle  gas  at  220  per  cent.;  12*2  candle  gas  at  305  per 
cent.;  and  the  ordinate  of  11*2  candle  gas  at  about  380 
per  cent. 

By  interpreting  the  variations  in  consumption  of  gas  into 
relative  cost,  as  indicated  on  the  right-hand  side  of  the 
diat^ram,  it  will  be  seen  that  in  order  to  obtain  equal  degrees 
of  illumination  with  varying  qualities  of  gas,  in  the  case  of 
a  No.  4  Bray's  burner,  the  actual  cost  of  the  gas  to  the 
consumer,  on  the  basis  of  lifjht  for  moneys  will  be  as 
follows : — 

Table  XIX. 


Illuminatiog  iK>wer 
of  gas. 

Quantity  required  to  give 
light  eqaul  to  1000  cubic 

Actual  cost  of  (ran 
at  28.  6d.  per  1000 

feet  of  16  0  candle 

gas. 

cubic  feet. 

Cb.  ft. 

6. 

d. 

190 

600 

1 

6 

180 

700 

1 

9 

17-0 

K20 

2 

1 

160 

1000 

2 

6 

150 

1^340 

«» 

4 

14-0 

1800 

4 

6 

lao 

2400 

6 

1 

12-0 

:J040 

7 

9 

110 

3750 

9 

6 

As  it  may  l)e  thought  that  iS'o.  4  Bray  is  an  exceptional 
burner,  we  may  Uike  No.  5  Bray,  which  may  reasonably  be 
looked  tipon  as  an  average  burner  generally  emi)loyed,  and 
ascertain  in  the  above  manner  the  cost  of  equal  light 
intensity  for  different  qualities  of  gas  (Table  XX.). 

On  this  basis  it  is  seen  that  any  variation  in  price  jx^r  1000 
cubic  feet  for  each  candle  alteration  in  the  illuminating 
power  of  the  gas  should  be  gieater  than  has  hitherto  been 
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8iil)posed.  On  the  other  hand,  these  facts  exphiin  the 
coniniun  complaint  as  to  the  otherwise  apparently  inex- 
plicable rise  in  the  amount  of  the  gas  bills — a  fall  of 
2  candles  in  (piality  causing  a  rise,  in  the  case  of  Bray 
No.  3  burner,  of  44  per  cent,  on  the  gas  bill ;  whilst,  when 


of 

gas. 

Table 

_   _    _ 

1 

XX. 

tX>8t 

niuminatiog  ()ower 

cf  gas  per  1000  cubic  feet. 

8.    d. 

10-0 

1     7 

18-0 

1  10 

170 

2     1 

10-0 

1 
1 

2     6 

15-0 

3     0 

11-0 

a    7 

i;j-o 

4     3 

120 

1 

5  .4 

11-0 

1 

7     1 

the  ga.s  is  down  to  12(>  candles,  the  amount  of  the  gas  bill  is 
doubled.  From  these  facts  it  will  be  at  once  seen  that  any 
discussion  of  the  cost  of  gas  per  1000  cubic  feet  is  valueless 
in  the  absence  of  an  ecjual  recognition  of  its  (iiuUity,  so  far 
as  relates  to  its  use  with  fiat-flame  burners. 

In  the  case  of  the  Welsbach  and  the  best  Argand  burners, 
which,  however,  are  Uhed  to  only  a  very  limited  extent  as 
ccmipared  with  the  flat-flame  burners,  the  results  are  less 
disproportionate,  and  a  moderate  reduction  in  price  for 
each  candle-powTr  would  not  be  unreasonable ;  but,  un- 
fortunately, in  order  to  obtain  a  problematical  advantage  to 
the  users  of  gas  for  heating  purposes,  those  who  employ  the 
gas  for  illuminating  purposes  in  the  burners  commonly  used 
woidd  suffer  to  a  proportionate  extent. 

As  the  foregoing  results  were  obtained  with  specially 
prepared  gas,  it  was  deemed  a<lvisable  to  repeat  the  ex2)eri- 
ments  with  gas  actually  supplied  to  consumers.  For  this 
purpose  a  second  series  of  tests  was  made  in  the  author's 
laboratoiy  at  Westminster  with  gas  supplied  by  the  CJas 
Light  and  Coke  Company.     In  order  to  obtain  gas  of  very 
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Coal  and  Wafer  Gas. 


low  illuminating  power,  the  ordinary  supply  was  stripped 
by  passing  it  through  a  coke  scrubber,  the  coke  being 
moistened  with  linseed  oil.  The  richer  gases  were  obtained 
by  the  addition  of  petroleum  to  the  ordinary  supply,  and 
allowing  the  mixture  of  petroleum  vapour  and  coal-gas  to 

Table  XXVIL— Table  shwnng  the  Variation  in  the  Quantity  of  Oat  Consumed  in  each 
of  a  Series  of  Burners  to  yield  Unit  LiglU  when  varying  QwrntUies  of  JUgh-potifer 
Water  Oas  are  mixed  with  Jligk-poirer  QmI  Oas,    llluminaiing  Power  of  both 
Coal  and  Water  Gas  =  17-2. 


Ck>n8umption  of 

gasper 

Burners. 

Illaminating 

hour  with 

No. 

27  per 

75  per 

power. 

Coal 

cent. 

cent. 

gas. 

water 
gas. 

water 
gas. 

1 

Standard  Argand      

16-0 

4.7 

4.7 

4-7 

2 

Sugg's  table  top,  No.  4    

140 

4.5 

5.7 

7.3 

3 

,,            ,,         No.  6     

15-0 

4-6 

4.9 

5.9 

4 

,,            ,,         No.  6    

170 

4-8 

5.7 

64 

5 

}}           >,         No.  7    

24. 0 

67 

5.4 

8-2 

6 

Sugg's  slit  union,  No.  4     

12-0 

3.5 

5.4 

7-2 

7 

, ,                                       ,  ,                              i^  WB      mJ              «••               •«»               ••• 

15-0 

4.4 

6-0 

6.4 

8 

,,            „         No.  6    

20-0 

5-8 

6-4 

7.5 

9 

1,            n         No.  7     

18-0 

6-2 

5.9 

6.9 

10 

Sugg's  fishtail.  No.  6 

140 

4.4 

5.9 

6.9 

11 

II            II             j^ O*   /■••       •••       •••       ••• 

10-0 

3.4 

4.8 

6.5 

12 

Bray's  fishtail,  No.  4 

8-6 

31 

6.4 

10-0 

13 

II                    II                      A.^  \Jm    •/.••           «■•           •■•           ••• 

12-8 

4.0 

5-0 

111 

14 

,,        ,,         No.  6 

12-4 

4.1 

5.4 

8-9 

15 

\n    7 

1  f                    II                     ^~  V*     #•••            •••           •»•           ■•• 

14-0 

41 

5.2 

91 

16 

Bray's  batswing,  No.  6    

170 

5.1 

66 

7-5 

17 

Bray's  union,  with  Codac  economiser 

150 

4-6 

4.7 

4.6 

18 

Mint's  batswing.  No.  6    

19-0 

5.7 

6.8 

8.6 

19 

,i           >>         No.  7     

17-0 

6-1 

5.7 

6.3 

21 

Butcher's  burner       

26-0 

7.9 

8.8 

92 

22 

Imitation  Bronner,  No.  4 

100 

3.1 

8.5 

3.5 

23 

Peebles,  No.  4     

90 

3.1 

4.4 

4.7 

24 

,,        No.  5    

13.0 

4.1 

4.9 

5.1 

25 

,,        No.  6     

15-0 

4-6 

5.2 

5-5 

28 

Sugg's  F  Argand       

Welsbach  Coumer  and  mantle    ... 

20-0 

61 

6.2 

66 

27 

Max. 

4.2 

3-3 

3.9 

intensity 

stand  for  some  hours  in  a  holder  before  making  the  tests. 
The  results  are  set  out  in  Tables  XXI.  and  XXII.  (see  pp. 
124  and  125)  and  Diagram  "B"  (see  p.  12G). 

A  third  series  was  next  made  with  gas  supplied  by  the 
South  Metropolitan  Gas  Company  to  the  South wark  gas 
meter  testing  station  of  the  London  County  Council,  the 
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rich  gas  being  obtained  in  the  same  way.  The  results  are 
set  out  in  Tables  XXIII.  and  XXIV.  (see  pp.  127  and  128) 
and  Diagram  "  C  "  (see  p.  129). 

The  results  confirmed  those  first  an-ived  at. 

For  the  purpose  of  ascertaining  the  eftcct  of  the  use  of 
water-gas,  the  author  conducted  a  similar  series  of  tests, 

Table  XXVIII. — TaJbU  s/toicing  Uic  Percentage  Variation  in  the  Quantity  of  Gas 
Oontumed  in  each  of  a  Series  of  Burnn'S  to  yield  Unit  Light  irhen  raruing 
QuaHtities  of  lligh-potver  WaUr  Has  are  mixed  \n.th  Jligh-poirer  Coat  (Jas, 
Illuminating  Power  qfboth  Coal  and  Water  (Jas  =  17*2. 


Consumption  ol 

gasper 

Bumera. 

Illuminating 

hour  with 

No. 

27  per 

75  per 

power. 

Coal 

cent 

cent. 

gas. 

water 

water 

•.  »  :  -  f  • 

'  %  •  1 

gas. 

gas. 

1 

Standard  Arfi^aQd   •  «i.*  -i^iij  '.\..^ 
Sugg'^  table  top,  No.  4'    ...    * 

*     14-0 

100 

100 

100 

2 

100 

127 

161 

3 

,}                )|         .^0.  0      •      ... 

15-0 

100 

106 

178 

4 

„           „        No.  Q    ...,  ,  ..     .... 

1)            ,t        !^®*,'    , •. 

17-0 

100 

119 

133 

5 

24-0 

100 

110 

123 

6 

Sugg's  alii  unioD,:  Na.C' i.. 

12-0 

100 

156 

206 

7 

II                           11                    J^  W*    V          •«•          •••          •-- 

15-0 

100 

136 

145 

8 

)i            1,        No.  6    

20-0 

100 

110 

129 

9 

f}             t,          J^O.  /     ...     ...     ... 

18-0 

100 

113 

133 

10 

Sngg's  fishtail,  No.  6 

14. 0 

ICO 

13^1 

157 

11 

V       7 

II           II            i^  o«/..«      •.*      »••      ».* 

100 

100 

111 

191 

12 

Bray's  fishtail,  No.  4 

8-6 

100 

206 

3*23 

13 

•  ,        ,,         No.  5 

12. 8 

100 

125 

277 

14 

n        ,,         No.  6 

124 

100 

132 

217 

ir. 

n        M         No.  7 

14. 0 

100 

125 

219 

IG 

Bray's  bat«wiDg,  No.  6     

17-0 

100 

129 

147 

17 

Bray's  iinioo,  with  Codac  economise r 

15-0 

100 

102 

100 

18 

Mint's  batswing,  No.  6    

19-0 

100 

119 

1,51 

19 

,1                     ,}               AlO.    /         ...        ...        ••• 

17-0 

ICO 

112 

123 

21 

Butcher's  burner      

26-0 

100 

111 

116 

22 

Imitation  Brenner,  No.  4 

10-0 

100 

111 

111 

23 

Peebles,  No.  4     

9-0 

100 

142 

1,52 

24 

,,       No.  5    

13-0 

100 

119 

121 

25 

„       No.  6    

15-0 

100 

113 

120 

26 

Sugg's  F  Arff and       

Welsbach  CDUiner  and  mantle    ... 

20-0 

100 

101 

107 

27 

Max. 

100 

79 

93 

intensity 

three  in  number,  viz.,  fii-st  with  a  mixture  of  lower  power 
coal-gas  and  water-gas  in  vailing  ratios ;  second  with  mix- 
tures of  high-power  coal-gas  and  water-gas ;  and  the  third 
with  high-power  water-gas  and  low-power  coal-gas. 
The  results  are  set  out  in  Diagrams  "  D  "  (facing  p.  132) 
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ami  "  E  "  (see  p.  135),  and  Tables  XXV.  to  XXX.  (see  pp. 
130  to  130). 

From  Diayram  D  (faciniL,^  p.  132)  and  Tables  XXV.  and 
XXVI.  (see  pp.  130  and  131),  it  will    be  seen  that  with 

Table  W\X.— Table  s/iowing  Uu:  VariatioA  in  ike  (Quantity  of  Gas  OontutMd  in  each 
of  a  Series  of  Burners  to  yield  Unit  Light  trhen  Varying  Quantities  of  High- 
jmrer  Water  (Jus  are  Mixed  tcit/t  lAfw-potcer  Coal  Ocu,  lltt  Bigh-potcer  Water 
Has  being  used  as  an  Enriching  Agent, 


Ck>Dsumption  of 

gas  i)er 

Burueru. 

Illuminating 

hour  with 

160 

17-2 

18-0 

No. 

Candle-poirer  gas 

}H)wor. 

—  ■ 

containing 

27  per 

50  per 

• 

Pure 

cent. 

cent. 

coal  gas 

water 

water 

gaa. 

gas. 

1 

Standard  Argand        

16 

0 

5- 

0 

4- 

7 

4- 

6 

•2 

Sugg '4}  tabic  top,  No.  4     

14- 

U 

5- 

4 

5- 

7 

5- 

0 

a 

n              M          No.  6     

15- 

0 

5- 

4 

4 

9 

4 

9 

4 

,,             M          No.  6     

17- 

0 

5- 

0m 

I 

5 

7 

5" 

9^ 

/ 

5 

M             n          No.  7     

24- 

0 

7- 

8 

5- 

4 

7- 

4 

6 

Sugg's  slit  uuion,  No.  4     

12 

0 

4- 

6 

6- 

4 

5 

3 

7 

n                  n             ^'<>-  ^      

15 

0 

5' 

4 

6 

0 

5' 

4 

8 

,,                ,,            No.  6      

20- 

0 

6 

4 

6 

4 

6 

4 

9 

,,                n           No.  7     

18 

0 

6 

1 

5 

9 

5 

5 

10 

Sugg's  fishtail,  No.  6 

14 

0 

5 

2 

5 

9 

5 

3 

11 

>,          M        No.  7 

10 

0 

4 

2 

4 

8 

4 

3 

12 

Bray's  fishUil,  No.  4 

8 

6 

4 

■4 

6 

4 

5 

4 

13 

,,          ,,        No.  6 

12 

8 

5 

1 

5 

0 

4 

8 

14 

,,          1,        No.  6 

12 

4 

5 

1 

5 

4 

5 

4 

]r. 

,1            )  1         ^ o.  /.,.     ...      

14 

0 

5 

■2 

5 

2 

5 

2 

16 

Bray's  bats  wing,  No.  ()      

17 

0 

5 

•8 

6 

6 

6 

2 

17 

Bniy's  union,  with    odac  economi.'-ci 

15 

0 

5 

0 

4 

•7 

4 

6 

18 

Mint's  bats  wing,  No.  6       

lU 

0 

6 

'7 

6 

•8 

6 

■4 

10 

n           n            No.  7       

17 

0 

5 

•6 

5 

•7 

5 

■7 

21 

Butcher's  burner 

26 

0 

8 

•5 

8 

•8 

8 

•0 

22 

1  mitation  Bronnor,  No.  4 

10 

■0 

3 

•5 

3 

•5 

3 

•4 

2:3 

Pcoblas,  No.  4      

9 

•0 

3 

•6 

4 

•4 

4 

1 

24 

,1       No.  5      

13 

•0 

4 

6 

4 

•9 

4 

•2 

25 

No.  6      

15 

0 

5 

•1 

5 

2 

4 

•8 

26 

Sugg's  F  Aria nd 

20  0 

6 

4 

6 

•2 

6 

2 

27 

Welsbach  C  burner  and  mantle 

Max. 

3  5 

5-7 

10 

intensity. 

1 

increased  percentages  of  water  gas  the  quantity  of  gas 
rccjuired  to  give  unit  light  with  a  Bray*s  No.  4  burner  rose 
to  as  much   as    IGO  per  cent.,  whilst  with  the  standard 
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Arfjand  Immer  the  increase  was  only  6  per  cent.,  anJ  with 
the  Welsbach  mantle  it  w&ti  nil. 

In    the    teste   with    high-power   coal   and  water  gas — 
Diagram  E  (see  p.  135)  and  Tables  XXVII.  and  XSVIU. 


Tabu  XXX.~TaMe  jAomnff  Ihe  I'trcaHage  rarialion  in  lie  QtiaslUs  rg  Oat  Cm- 
IKmerf  M  tach  <if  a  Saiu  of  Bvmeri  to  yiefrf  Unil  Light  trien  Varsing 
Qmaitilia  of  Bii/k-pomtr  (20'0  atndle)  Habrr  Uai  an  Mixtd  vilh  Loxf-poirer 
Coal  Oat,  Ike  Iligk-pawer  tValer  Oai  Imnff  «ierf  at  ok  Esri^ixg  Agnt. 


Conaomptlon  of  gu  per 

Burners. 

ItlumiDBtiDg 

honr  with 

lB-0    [  I7'2    j  IS'O 

No. 

power. 

containing 

27  par 

50  per 

Puro 

cunt. 

coalgaf 

g»«. 

water 
gas. 

"T 

atiu.dftrfArg.niJ 

160 

100 

94 

92 

•i 

Sugg',  tubk  top,  No.  4    

14'0 

100 

105 

88 

„            „         No.  5    

Ifi'O 

100 

91 

Bl 

No.  6    

170 

100 

100 

100 

No.  7    

24'0 

lOO 

06 

flB 

SagK'a  .lit  union,  No.  4     

120 

100 

117 

IIG 

„            „         No.  tp    

150 

100 

ni 

100 

„            „         No.  B    

BOO 

100 

IQO 

100 

No.  7    

180 

ICO 

07 

ori 

Sugg'.  fiKhlttil,  No.  a 

]40 

1(0 

114 

102 

,,        No.  7 

Brejr'i  B.htiUt.  No.4 

10  0 

100 

113 

101 

8'8 

1(0 

115 

VIS 

,;         .,        No.  5 

12'8 

100 

08 

04 

,.        No,  5 

12'4 

100 

lOS 

lots 

No.  7 

HO 

100 

100 

100 

Bny-B  bauwing.  No.  e      

17'0 

100 

114 

107 

Braj'a  union,  itith  Cod.c  woDominoi 

160 

ICO 

04 

Si 

Uiiit'>ib.t.*ing,  No.S      

IS'O 

100 

102 

06 

No.  7      

I7'0 

100 

102 

108 

Bntobat'.  burner 

260 

100 

104 

B4 

Imitation  Bninnor,  No.  4 

lO'O 

iro 

100 

97 

23 

PeoblM,  No.  4      

90 

100 

122 

114 

24 

130 

100 

107 

91 

25 

;;   No:e  ::;  :;:  :::  :::  :: 

IS'O 

JOO 

102 

91 

26 

8ugg-»FArB..nd 

200 

100 

B7 

87 

27 

Mb.. 

100 

M 

111 

inteusity. 

(aee  pp.  132  and  133) — with  Bray's  No.  4  fishtail  burner,  the 
increase  in  consnmption  was  220  per  cent,  with  75  per 
cent,  water  j^a.H,  luit  with  the  stanilard  Argand  there  was 
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no  increase,  whilst  with  the  Welsbach  mantle  there  was  an 
actual  decrease  in  the  cousiiniption  of  7  per  cent. 

Tables  XXIX.  and  XXX.  show  the  effect  of  water  ga.s 
when  used  a&  an  enriching  agent. 

Briefly  stated,  the  results  of  the  water  gas  series  arc  that 
dilution  of  coal  gas  with  equal  power  water  gas  has  the 
.same  effect  in  many  burners  as  that 
produced  by  a  reduction  of  tlio 
illuminating  power  of  the  gas,  i.e., 
a  larger  quantity  of  gas  has  to  be 
consumed  in  order  to  obtain  the 
same  illumination,  whilst  the  use 
of  excessive  quantities  of  high- 
power  water  gas  as  an  enriching 
agent  is  without  the  commensurate 
advantages  that  might  have  been 
anticipated,  viz.,  such  as  arc 
obtained  from  the  use  of  benzol, 
cannel,  &c 

The  Standard  Bui-ner  for  Gus 
Testing  and  Method  of  ConsuTning 
the  Gas  therein. — From  the  fore- 
going discussion  of  the  behaviour  of 
diflerent  gases  In  different  bumers. 
it  will  bo  seen  that  before  any 
definite  expression  of  value  can  be 
ascribed  to  a  gas,  the  conditions  of 
its  consumption  must  be  accumtcly 
determined.  For  this  pui'posc 
what  Is  known  as  the  "  London 
Argand  No.  1 "  is  now  generally 
adopted  for  ordinary  ga.s,  and  for 
richer   gases,    such   as    gas    made 

from  cannel  coal,  a  flat-Hame  burner  is  used.  The  London 
Ai^and  is  described  as  follows  in  the  Gas  Referees'  Notifi- 
cation : — 

The   burner   which  has  been   adopted   as   tliL-  standard 


Standaitl  Argand  Stavu 

luivm-r  fur  testing  gas  was  (k'sii*neii  by  Mr.  Sugg,  and  was 
called  by  liim  "  Sugg's  London  ArganJ,  No.  1." 

A  full-sized  section  is  shown  in  Fig.  22,  in  which  A  repie- 
wnts  a  supply  pipe,  E  the  gallery,  C  the  coue,  D  tlie  steatite 
tliauihor,  E  the  chiuiney. 

The  following  are  the  dimensions  of  tliuse  paHs  of  the 
burner  upon  which  its  action  depends : — 

Uiojuctcr  of  Eupply  pipes      OOS 

Externnl  diameter  of  nnnular  etcalite  chamber  U'S4 

Internal  diameter  of  do 0'4fj 

Number  of  holes    24 

Diameter  of  each  hole O'O-IO 

Internal  diameter  of  cone : 

At  the  bottom     I'fi 

Atthetop    1-OH 

Height  of  upper  surface  o(  cone  and  of  stieatilo 

chauiber  above  Door  of  gallery       0'75 

For  testing  the  gas  of  the  Oas  Light  and  Coke  and  of  the 
Couiiuemal  Cas  Companies  (which  ia  required  to  have  an 
illuiuinating  power  of  IC  candles)  the  chimney  shall  Iw  ii'm. 
long  and  l^in,  in  internal  diameter. 

Sec.  6  of  the  South  Metropolitan  Ga.s  Act,  liiOO,  reads  as 
lollows : — 

■'  The  Ijunier  for  testing  gas  NUpplied  by  the  company 
shall  be  Sugg's  London  Argand,  as  pi-esciibed  by  Sec  38  of 
the  South  lletropolitan  Gas  Light  and  Coke  Company's 
Act,  1S7(>,  and  in  making  such  testings  sliall  be  so  nsed  that 
the  gas  shall  Iw  burnt  at  such  a  rate  as  shall  give  a  light 
equal  to  16  candles: 

"  Provided  that  when  under  the  provisions  of  this  Act  the 
prescriliicd  illuminating  power  shall  he  14  candles,  the  said 
burner  shall  be  used  with  tlic  chimney  prescribed  by  the 
(Jas  Referees  for  an  illuminating  jxiwerof  14  candles." 

The  Gas  Referees  arc  adviseil  that  the  woi-ds  "  prescribed 
by  the  Gas  Referees  "  in  the  section  of  the  Act  above  quoted 
refer    to    a    prehcripLion    in    the    Nctiticatii-u    of  the    Gas 
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Refei*ec.s  for  the  summer  half-year  187(),  and  for  several 
previous  years,  which  is  as  follows  : — 

"  For  testing  the  gas  of  the  Imperial  Gas  Company  and 
of  the  South  Metropolitan  Gas  Company  (both  of  which  are 
i-equired  to  have  an  illuminating  power  of  14  candles)  the 
burner  shall  be  the  same  [i.e.,  a  *  Sugg's  London  Argand, 
No.  1 '],  but  shall  be  used  with  a  chimney,  Gin.  long  by  1 J  in. 
diameter. 

"  If  at  any  time  the  ga^  flame  mounts  above  the  top  of 
the  chimney,  a  6in.  by  2in.  chimney  shall  be  substituted 
for  the  14-candle  gas." 

The  system  of  testing  formerly  prescribed  and  adopted  was 
to  consume  the  gas  in  the  standard  burner  at  the  rate  of  5  cubic 
feet  per  hour,  whatever  the  quality  of  the  gas  may  be.  Thus, 
if  it  is  an  "  ordinary"  gas  of  extra  good  quality,  this  volume 
of  gas  may  give  a  light  equal  to  17  or  18  candles,  and  the 
chimney  of  the  burner  will  be  full  of  flame,  thus  requiring 
and  using  up  all  the  oxygen  which  can  gain  admittance  to 
the  burner.  On  the  other  hand,  if  the  quality  of  the  gas  be 
very  poor,  say  14  or  13  candles,  or  even  less,  then  tlic  flame 
will  be  deflcient  in  volume,  and  will  Ixj  supplied  with  more 
oxygen  than  is  re<iuired,  and  hence  will  be  over-burnt,  whilst 
if  the  quality  be  even  less  than  this  the  character  of  the 
flame  will  be  so  poor,  by  reason  of  its  over-oxidation,  as  to 
be  comparable  to  that  of  a  Bunsen  burner. 

These  considerations  have  naturally  led  to  many 
speculations,  and  various  suggestions  have  been  made. 
These  were  carefully  reviewed  by  Ur.  \V.  Pole  in  a  series 
of  articles  which  he  contributed  to  the  Jouimal  of  Gas 
Lighting  in  October,  1870,  and  therein  he  laid  down  what 
is  known  as  'Pole's  law,"  by  means  of  which  it  is  possible  to 
accurately  gauge  the  tjuality  of  a  gas  in  the  standard 
burner,  whatever  that  (juality  may  lx%  instead  of  having 
to  employ  various  burners  for  various  gases,  and  thus 
destroying  any  reliable  comparisons  between  them,  as  the 
conditions  of  consumption  necessarily  varied  with  each  new 
burner.     By  the  use  of  one  standard  burner  these  variations 
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would  Lo  done  away  with,  anil  reliable  cumiiftrisoiis  iiiai.le-  J 
Aa  expi-esaed  by  liitnaelf.  Dr.  Pole's  law  ia  as  follows  : — 

"  That  during  Uie  iiormal  state  of  fiction  of  a  gas  burner,  I 
tli6  light  given  varies  directly  as  the  consumption,  minus  a  I 
constant  quantity." 

"In  algebraical  language,  let  5  =  quantity  of  gas  con-  I 
Humed  per  liour  in  a  given  burner,  and  L  =  light  produced  ] 
thereby. 

"  Then,  while  according  to  the  original  erroneouM  assump- 
tion, [ 
L  varies  as  q. 

and,  according  to  FamiL-r's  equally  en'oneous  theorem, 

L  varica  as  ij", 
the  true  law  appear.s  to  l>c 

L  varies  as  A  {q  —  c) 
where  c  is  constant  for  the  same  bumLT." 

"  The  principle  involved  in  this  law  appears  to  be  some- 
what as  follows: — When  the  quantity  of  gaa  supplied  to  the 
burner  is  very  small  compared  to  its  nonnal  capacity,  it  is 
burnt  at  a  disadvantage,  having  an  excess  of  air  ;  it  is,  in 
fact,  in  tho  position  of  a  Bunsen  burner.  Hence,  as  haa 
Ijcen  often  explained,  the  deposition  of  the  light-giving 
[larticles  is  impeded,  the  flame  bums  blue,  and  the  light 
developed  is  smaller  than  is  fairly  due  to  the  gas  employed. 
But  as  more  and  more  gas  is  admitted,  this  defect  tends 
gradually  to  remedy  itself,  until  a  point  anives  where  a 
normal  and  proper  condition  is  reached ;  and  beyond  that 
jjoint  every  increment  0/  gas  gives  a  con-esponding  and 
uniform  increment  of  light.  Tho  quantity  of  gas 
necessary  to  develop  this  condition  in  the  first  instance 
ia  represented  in  our  equation  by  the  constant  c  ;  and,  for 
want  of  a  better  name,  I  may  call  it  the  devclopant  for  that 
burner.  Tliis  quantity,  though  constant  for  the  same  burner, 
varies  materially  for  difierent  kinds  of  burners,  and  also 
under  other  changes  of  condition." 
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TJiis  law  was  investigated  by  Messrs.  Heisch  ami  Hartley, 
who  discussed  their  results  in  a  paper  read  by  them 
before  the  Gas  Institute'  in  1884,  in  which  they  gave  tliii 
following  : — 

"  RvXes  for  the  use  of  ike  factors  '  A  '  and  '  C '  when  it  -is 
desired  to  express  the  power  of  any  gas  at  5  cubic  feet  rate 
per  hour: — 

■'  (1)  Correct  the  actual  rate  of  consumption  for  barometric 
pressure,  and  for  temperature  of  the  gas,  by  the  aid  of 
factors  in  the  published  tables. 

"(2)  Multiply  the  difference  between  the  actual  rate  of 
consumption  (corrected)  and  5  cubic  feet  by  the  factor 
'  A '  due  to  the  quality  of  the  gas,  (it)  If  tlie  rate  of 
gas  be  helow  .5  cubic  feet,  add  the  product  to  the  observeil 
amount  of  light.  (/i)  If  the  rate  be  above  5  cubic 
feet,  avhtract  the  product  from  the  observed  amount  of  light." 

The  following  abstract  is  taken  from  Messrs.  Heisch  and 
Hartley's  valuable  paper: — 

"  The  following  Table  XXXI.  of  actual  tests  with  gas  of 
very  nearly  15  candle  power  exemplifies  our  method  ;  whili' 
the  last  column  shows  the  grave  errors  which  n'sult  from  the 
present  -system  of  correcting  illuminating  power  to  the 
standard  rate.  Only  ordinary  care  was  taken  in  making 
the  tests,  as  may  be  judged  when  the  fact  is  atati'd 
that  the  whole  series  of  oltservations  were  completed  in  half 
an  hour. 

From  these  results  it  will  be  seen  that  the  new  method 
gives  a  far  more  uniform,  indeed  practically  equal,  value  for 
tho  gas,  with  consumptions  varying  from  4  ■25  cubic  feet 
per  hour  to  .'>-37  cubic  feet. 

The  importance  of  this  alteration  will  be  seen  in  connection 
with  the  table  photometer  of  Mr.  Hareoini  now  being  intro- 
duced at  the  Metropolitan  tJas  Testing  Stations,  and  which 
will  have  the  efl'ect  of  considerably  modifying  the  tests  of 
very  poor  gas  in  favour  of  the  companies,  against  the  old 
system  of  always  burning  exactly  5  cubic  feet  per  hour 
under  all  circumstances. 
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Table  XXXI. 

Table  shoiving  the  Neiv  Method  of  Correcting  for  Bate, 

Nearly  15  candle  gas  ;  multiplier,  6*3. 


Rate  of  gas 
by  meter. 

1 

u 

ji 

a 

1 

Corrected 
rate  for  gas. 

Excess  or 
deficit 
in  rate. 

Product  of 

excess  or 

deficit  and 

multiplier. 

Observed 
ilium,  power. 

nium.  power, 

corrected 

to  5ft.  rate. 

Calculated  to 

5  cubic  feet 

rate  by  old 

rule. 

4 

250 

994 

4 

225 

■  775 

4 

•890 

9 

•80 

14 

•690 

11-600 

4 

400 

994 

4 

•374 

•626 

3 

946 

10 

•90 

14 

•846 

12-460 

4 

500 

994 

4 

473 

•527 

3 

235 

11 

50 

14 

•735 

12-850 

4 

600 

994 

4 

•572 

-428 

2 

696 

12 

10 

14 

796 

13-282 

4 

700 

994 

4 

672 

•328 

2 

066 

12 

•82 

14 

■886(?) 

13-720 

4 

800 

994 

4 

772 

•228 

1 

376 

13 

40 

14 

776 

14-040 

4 

850 

994 

4 

821 

•179 

1 

128 

13 

80 

14 

928 

14-813 

5 

000 

994 

4 

970 

•030 

0 

189 

14 

72 

14 

909 

14-808 

5- 

072 

994 

5 

038 

•038 

0 

239 

15 

00 

14 

761 

14-876 

5-870 

994 
cent. 

5-338 

•338 
differei 

2  •139 

16-70 

14- 

561 

15-642 

Per 

ext 

reme 

ices 

•  •  • 

•  «  • 

... 

2 

500 

84-800 
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CHAPTER  IX. 

METHODS   OF   ENRICHMENT. 

It  was  shown  by  the  exporimenis  of  Mr.  Lewis  T. 
Wright,  quoted  in  the  previous  section,  that  the  quality  of 
the  gas  may  vary  considerably  according  to  the  manner  in 
which  the  distillation  is  conducted.  It  will  be  understood 
that  w^e  are  not  here  concerned  with  all  the  variations 
which  may  take  place,  either  intentionally  or  uninten- 
tionally, but  have  merely  to  consider  the  subject  in  its 
general  bearings  with  a  view  to  an  intelligent  understanding 
on  the  part  of  the  student  of  so  much  of  the  question  as 
will  enable  him  to  fonn  an  opinion  of  the  merits  or  demerits 
of  various  systems  of  artificial  illumination.  One  of  the 
first  things  that  have  to  be  considered  with  regard  to  the 
best  means  of  utilising  coal  gas  is  the  quality,  which  has  to 
be  dealt  with  in  order  that  the  most  suitable  burner  or 
burners  may  be  selected  for  the  work. 

It  will  be  seen  that  if  the  comparison  of  cost  is  to  be 
made  in  relation  to  a  gas  of  20  candle-power,  the  argument 
will  be  very  different  from  that  founded  upon  a  quality  of 
15  candles,  whilst  in  each  case  the  price  of  the  gas  has  also 
to  be  taken  into  account.  In  many  cases  it  is  assumed  that 
the  quality  of  the  gas  supplied  to  the  consumer  will  be  that 
specified  in  the  companies'  Act  of  Incorporation,  but  this  is 
not  invariably  the  case,  and  if  reliable  comparisons  of  cost 
are  to  be  made,  the  actual  illuminating  power  of  the  gas  at 
the  place  in  question  must  be  ascertained  and  considered. 

It  being  clear  that  the  quality  of  the  gas  is  under  the 
control  of  the  maker,  whose  province  it  is  to  produce  it 
of  a  given  illuminative  value  at  the  lowest  market  price,  we 
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have  next  to  consiiler  whether  the  diHcvent  modi;s  of 
enriching  a  gas  when  necessary  to  raise  it  to  the  standaid 
quality  liavi?  any  efiect  on  the  methods  of  combustion 
generally  employed. 

The  methods  employed  hy  the  gas  maker  for  increasing    , 
tho  quality  of  the  gas  are  aa  follows  : — 

(1)  Admixture  of  a  richer  gas,  such  as  that  obtained  from 
cannel  coal. 

(2)  The  diffusion  into  the  gas  of  the  vapour  of  light 
petroleum  oils,  such  as  benzoline,  carburine,  gasoline,  &lc 

(3)  Addition  of  lich  gaaes  obtained  by  the  destructive 
distillation  of  tar,  &c.,  which  may  be  added  to  tho  coal  at    ■ 
the  time  of  its  aditii,^ion  to  the  retort. 

(+)  Mixing  with  the  gas  other  gas  obtained  by  the  decom- 
position of  crude  oils. 

(,'))  The  addition  of  "water  gas"  enriched  with  light 
petroleiun  oils  made  more  or  less  permanent  by  the  action 
of  heat. 

The  first  of  these  may  bo  termed  the  "  old-fashioned  " 
method,  haWng  been  in  general  use  for  many  years,  but  in 
coasequenceof  the  high  price  of  cannel  coal,  various  substi- 
tutes have  been  employed,  with  the  re.sulfc  that  the 
behaviour  of  the  enriched  gas  flame  in  a  burner  is  very 
different  from  that  of  the  gas  produced  simply  from  coal 
alone.  For  instance,  with  coal  gas  of  16-candle  quality  a 
Hame  produced  by  the  consumption  of  five  cubic  feet  per 
hour  in  a  standard  Argand  burner  would  be  as  nearly  as 
possible  3in.  in  height.  By  the  introduction  of  some  of  tho 
rich  gases  obtained  by  superheating  petroleum  spirit,  iSjc, 
the  height  of  the  flame  required  to  produce  the  same 
intensity  of  light  wonld  be  about  2 Jin,  in  height,  or  less; 
thereby  giving  a  more  concentrated  illumination,  although 
of  the  same  total  luminous  energy.  This  eflect  is  greatJy 
enhanced  in  regard,  say,  to  20-candle  gas  from  coal,  which 
cannot  be  properly  burnt  in  the  standard  Lontlon  Argand 
burner  with  a  Gin,  chimney,  a^  tho  tlann;  tails  out  of  the 
top  of  the  cliiumey  in  a  long  trail  of  smoke.     Yet  when  A 
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20-candle  oil  gas  is  burnt  in  the  same  burner  the  height  of 
the  flame  may  not  be  more  than  from  2Jin.  to  2Jin.  We 
have  only  to  carry  the  comparison  one  step  further  to  make 
the  point  perfectly  clear.  Let  the  reader  consider  the 
extremely  small  flame  necessary  to  produce  a  light  of  almost 
any  candle-power  by  the  combustion  of  acetylene,  and  he  will 
readily  understand  how  variations  in  the  methods  of  enrich- 
ing ordinary  coal  gas  will  influence  its  behaviour  on  com- 
bustion in  any  given  burner. 

There  is  a  method  of  enriching  gas,  not  included  in  the 
above,  which  has  come  into  use  very  largely  during  the  past 
fifteen  years,  viz.,  the  albo-carbon  system.  In  this  the  gas 
is  heated  on  its  way  to  the  burner,  and  passes  over  melted 
naphthalene,  a  certain  quantity  of  which  it  takes  up  and 
carries  forward  to  the  point  of  ignition,  with  the  result  that 
a  very  considerable  increase  in  the  illumination  is  obtained. 
This  will,  however,  be  more  fully  considered  later  on. 
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CAS   METERS. 

In  puraiiance  o£  the  scheme  of  tlie  present  work,  it 
will  now  bo  necessary  to  explain  the  method  adopted  for 
the  mea.su  rem  en  t  of  gas  intended  for  use  as  an  artificial 
illuminant.  The  average  householder  has  a  rooted  con- 
viction that  hy  some  mysterious  means  the  gas  company 
always  manages  to  get  the  whip  hand  in  regard  to  tlie 
measurement  of  the  quantity  of  gas  consumed.  All  that 
he  knows  is  that  thcie  in  a  thing  called  a  "meter  "  some- 
where in  his  house,  generally  in  the  coal-ecUar  or  other 
inconvenient  and  all  hut  inaccessible  place,  and  that  from 
time  to  time  the  "gas  man"  wants  to  look  at  it, 
and  then  senda  in  his  liill,  which  moat  houaeholders 
firmly  believe  ia  a  great  deal  too  high  ;  and  that  when  the 
company  are  so  inclined,  they  have  the  power  of  "foicing 
the  gas  through  the  meter"  to  their  heait'a  content. 
Although  there  may  in  some  cases  bo  good  ground  for 
complaint  as  to  the  amount  of  the  hill,  and  honest  John 
Bull  feels  that,  whatever  the  cause  may  be,  he  ha^  not  had 
the  full  value  for  his  money,  yet  the  cause  of  the  trouble 
has  seldom  anything  to  do  with  the  meter,  as  will  be  seen 
from  Chapter  VIII.,  in  which  we  considered  the  effect  of 
the  quality  of  the  gaa  supplied  in  relation  to  its  use  in  various 
burners,  and  the  light  obtained  thereby.  A  good  gas  meter — 
and  there  are  really  very  few  bad  ones — is  a  beautiful 
Hcicntiflc  instrument,  constructed  to  most  exact  i 
menta,  and  tested  under  the  most  rigid  conditions  before  it  ( 
is  allowed  to  be  used.  In  fact,  any  person  u-sing  a  meter 
which   does   not   bear   the   official    stamp    iasued   by   tho  j 
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Standard)*  Department  of  the  Board  of  Trade,  and  that  of 
the  oHicial  Gas  Meter  Inspector  appointed  hy  the  ratepayei-s, 
i.e.,  the  County  Council  or  the  Justices  of  the  Peace,  is 
liable  to  a  tine  of  £5. 

In  the  early  stages  of  gaa  maiiufactui'e  by  private 
individuals  and  companies,  and  after  this  industry  lia<l 
become  a  commercial  success,  it  naturally  followed  that 
nmnufacturers  should  turn  their  attention  to  some  mode  by 
which  they  could  check  the  amount  of  gas  supplied  to  the 
consumers.  Their  first  step  in  this  direction  was  to  arrange 
with  the  consumer  that  lie  should  bum  gas  for  so  many 
hours  from  a  given  burner,  naming  the  time  the  gas  sliould 
be  lit  and  extinguished;  but  this  led  to  continual  disputes, 
owing,  in  mast  cases,  to  dishonesty  on  the  part  of  the 
consumer,  or  to  groundless  Siispicions  that  the  supplier  was 
being  taken  advantage  of.  This  method  was  also  expen- 
sive, owing  to  the  necessity  of  the  gas  manufacturer  having 
to  employ  a  large  number  of  detective  Inspectors  to  see 
that  the  lights  were  lit  and  extinguished  at  the  proper 
times.  The  demand  was  therefore  created  for  an  instru- 
ment which  would  accurately  measure  the  amount  of  gas 
delivered. 

Probably  a  gas  meter  is  the  most  ill-used  piece  of 
mechanism  in  existence.  It  has  to  i-e^t«r  an  clastic  gas 
driven  through  it  at  different  pressures.  It  is  fixed  as  a 
rule  in  draughty,  damp,  and  unsuitable  places.  Its  works 
are  as  intricate  as  those  of  a  watch.  Its  various  sliding  and 
other  movements  are  more  numerous  than  those  of  an 
engine.  Furtlier  than  this,  the  majority  of  its  parts  have 
to  work  surrounded  by  gas,  which  necessarily  must  leave 
deposits  of  gas  liquor  of  a  sticky  nature.  All  this 
meclianism  has  to  he  enclosed  in  a  hermetically  sealed  case, 
without  any  means  of  lubricating  or  cleaning  the  parts ; 
but,  notwithstanding  iis  being  thus  treated,  it  will  remain 
at  work  for  many  years,  and  when  taken  down  and  placed 
upon  the  test  table  of  the  GJoverninent  Inspector  appointed 
under  the  "  Sales  of  Clas  Act "  it  is  found  in  most  instances 
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to  register  correctly,  or  only  show  a  small  percentage  of 

Oa-s  meters  are  divided  into  two  classes — dry  and 
wet  meters.  Both  have  advantages  and  disadvantages ;  but 
the  dry  meter  has  for  many  years  past  been  in  tlie 
ascendency. 

The  dry  meter  ls,  roughly  speaking,  an  instrument  com- 
posed of  valves,  which  open  and  clo.se  to  admit  or  let  out 
gas  to  or  from  chamlwrs  which  have  a  moving  part  expand- 
ing or  contracting,  according  to  whichever  side  of  the  disc 
the  pressure  of  gas  is  exerted.  These  discs  are  connected 
to  the  valve.'*  by  means  of  rods  and  levei-s  to  control  the 
flow  of  gas.  They  are  fi.-ied  measurers  of  gas,  and  the 
registration  of  the  meters  cannot  be  tampered  with  without 
damage  to  the  outside  case. 

The  wet  meter  is  an  instrument  composed  of  a  series  of 
chambers,  or  holders,  which,  after  receiving  the  gas,  dip 
into  water  or  some  other  fluid,  and  are  driven  out  again  by 
the  pressure  of  gas.  By  this  pres,sure  on  the  succeeding 
chamber  the  motive  power  is  gained.  The  capacity  of  these 
chambers  is  dependent  for  their  correct  registration  on  the 
quantity  of  water  in  the  meter,  which  necessarily  varies 
through  evaporation.  This  causes  great  inconvenience  by 
condensation  in  the  fittings,  and  necessitates  occasional 
attendance  to  replace  the  water,  and  special  care  to  prevent 
it  from  freezing. 

Early  dry  meters.  —  There  is  little  doubt  that  the 
original  idea  of  a  dry  meter  was  taken  from  a  pair  of 
Ijellows,  it  being  acted  upon  by  the  pres.siu'e  of  gas  to  make 
it  expand  and  contract,  the  direction  of  the  gas  to  the 
chambers  being  regulated  by  valves.  Various  materials 
were  tried  for  the  flexible  part  of  the  bellows,  hereafter 
described  as  diaphragms.  The  following  are  some  of  the 
materials : — Silk,  canva-s,  tliin  metal,  india-rubber  in  the 
form  of  macintosh,  pai-chinent,  gold-beaters'  skin,  kc  the 
pores  of  which  wei-e  filled  up  with  oil,  wax,  gums,  and 
many  other  siilistances,  but  none  have  succeeded  so  well  as 
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the  employment  of  leather,  which,  if  properly  selected  and 
dressed,  remains  pliable  and  soft  for  any  length  of  time, 
because  the  gas  is  always  depositing  small  particles  of  oil 
on  to  the  leather  during  the  time  the  meter  is  working,  and 
thus  lubricating  it.  The  diaphiagms  have  been  tried  on  the 
top,  sides,  and  bottom ;  also  horizontally  and  perpendicularly, 
but  none  have  been  so  successful  as  those  placed  perpendicu- 
larly in  the  lower  portion  of  the  meter. 

With  regard  to  the  valves  which  control  and  direct  the 
flow  of  g£is  to  the  diaphragm,  taps,  spring  valves,  throttle 
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valves,  click  valves,  and  rotary  valves;  whilst  iron,  porcelain, 
brass,  china,  gun-metal,  leather,  and  other  substances  have 
been  tried,  but  experience  has  shown  that  an  ordinary  D- 
slide  valve,  with  a  setting  of  three  port-holes  made  of  anti- 
corrosive  white  metal,  is  the  best. 

Fig.  23  shows  one  of  the  earliest  forms  of  dry  metei*s.  It 
is  a  single  diaphragm  contained  in  a  circular  case  placed 
above  the  valve  chamber,  w^hich  is  at  the  bottom  of  the 
meter,  behind  the  index.  This  valve  alternately  allows  the 
gas  to  flow  into  the  back  and  front  of  the  diaphragm, 
causing  the  diaphragm  to  fall  forward,  owing  to  the  pressure 
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of  gas  playing  on  the  back.  This  motion  .shifts  the  valv< 
and  brings  the  pressure  of  jjas  on  to  the  front.  The  dia- 
phragm then  goes  tack  to  its  former  petition,  each  pulsa- 
tion discharging  a  given  quantity  of  gaa,  which  pas.'jcs  away 
into  the  consumer's  fittings. 

The  defect  in  this  meter,  however,  was  that  owing  to  the 
clumsy  form  of  the  diaphragm  and  the  action  of  a  "  tum- 
bler" controlling  the  valves,  the  lights  were  very  un- 
steady— a  defect  which  was  very  much  added  to  by 
the  bagginess  of  the  leather  of  the  diaphragm.  Tho 
quantities   of    gas  discliarged    by  it  were   uncertain,  and 


therefore  the  registration  was  defective.  Being  hinged  at 
the  bottom,  it  required  an  extra  pressure  of  gas  to  raise  the 
■liaphragm  o\'er  the  centre  of  gravity,  and  directly  it 
anivL'd  at  this  point,  on  its  dow  nwaid  path,  it  dropped  with 
a  Jerk,  with  disastrous  results  to  its  effectual  working. 
This  form  was  very  soon  condemned. 

A  great  advancement  was  made  with  another  meter 
similar  to  this  one,  by  the  following  additions  and  aitcra- 
tionH:^Two  diaphragm.s  were  introduced  instead  of  one, 
whicli  were  better  supported  with  a  rod  and  hinged  t«e 
piece.  Their  position,  as  well  as  that  of  the  valves,  was 
rover.rcd,  the  diaphragm  U'ing  placed  at  the  Ijottom  of  the 
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iiiLter,  whilst  tliL'  valves  were  placed  at  Utc  top.  Although 
this  aomewhat  reduced  the  two  defects  of  the  previouK 
meter,  it  was  still  imperfect. 

The  next  improvement  was  the  introduction  of  a  dia- 
phragm of  the  shape  shown  in  Fij^  24  and  25,  This  was  the 
first  dry  metor  from  which  a.  steady  light  was  obtainable, 
The  construction  of  the  diaphragm  was  as  foUows: — Into  a 
squait)  metal  frame  was  fixed  a  sheet  of  leather,  which  had 
previously  been  blocked  into  a  conical  shape.  Attached  to 
this  leather  were  four  triangular  shields,  so  placed  that  they 
formed  a  hinge  hetween  the  square  frame  and  the  base  of 
the  triangular  pieces  A  flexible  partition  was  also  formed 
lictween  the  aides  of  these  triangles.  These  shield-'i  were 
supported  at  the  \'ertex  by  a  four-armed  tee  piece,  attached 
to  a  flag  and  kmI.  The  construction  of  the  rod  allowed  it 
to  move  steadily  backwards  and  forwards  when  acted  upon 
by  the  gas  under  the  control  of  the  valves  similar  to  the 
I'ormcr  metci"s,  Tlie  meter  was  sometimes  fitted  with  two 
diaphragms,  but  more  often  with  three.  It  was  also  fitted 
with  D  sliding  valves,  made  of  whitc-metal  and  gun-metal, 
but  the  majoiity  were  made  with  a  circular  valve  and 
grating,  the  valve  bi'ing  made  of  leather,  the  grating  of 
white  metal.  This  meter  worked  remarkably  well  fur 
many  yeare,  but,  owing  to  the  leather  having  to  luam  the 
point  of  attachment  in  the  square  metal  frame  at  each 
movement  and  fomiing  a  hinge,  the  bottom  part  cracked 
and  split,  which  allowed  the  gas  to  pass  through  the  meter 
unregistered. 

After  several  improvements,  a  pattern  was  arrived  at 
which  is  now  adopted  by  nearly  all  the  leading  makers,  not 
only  at  home,  but  abroad  and  in  the  Colonies.  Consider- 
ably more  than  two  tliinls  of  all  tlie  meters  made — whether 
wet  or  dry — are  constructed  on  these  lines. 

What  is  known  an  a  "five-light  meter,"  which  \i 
illustrated  in  the  accompanying  di-awing,  is  taken  as  an 
example,  and  in  oi'dcr  that  its  construction  may  be  fully 
understood,  and  the  various  actions  followed  in  their  proper 
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suqiicnce,  several  view-.s  are  depicted,  in  wliidi  Fii^s.  26,  27, 30, 
and  31  are  vortical  cruss- sections  upon  a  lioe  approximately 
mid-way  througli  tlic  bellows  and  valves.  Figs.  28,  21),  32 
and  33  are  plana  with  the  top  co\'er  i-emovtd  and  a  portion 
of  the  valve  box  broken  away  to  more  clearly  show  the 
ixilativc  positions  and  action  of  the  valves. 

Fig.  S'i  is  a  front  elevation  with  the  front  removed  and 
partly  in  section,  wliile  Fig.  35  is  an  under-plan  showin{:f 
more  particularly  the  construction  of  the  valve  plate. 
Fig.  3(i  represents  the  front  view  of  the  completed  meter. 

Throughout  the  following  description,  and  in  the  several 
views,  tike  letters  are  used  to  denote  like  parts.  Further- 
more, the  respective  views  represent  the  meter  mechanism 
ill  ita  various  phases  tliroughout  a  complete  cycle  of  opera- 
tions. 

The  body  of  the  meter  is  divided  vertically  into  two 
chambers  A  A' by  the  plate  B,  to  which  plate — on  either 
hide — are  attached  the  flexible  WUows  CC'  and  diaphragms 
UD'. 

The  body  of  the  meter  is  also  divided  horizontally  by  the 
plate  E,  thereby  forming  a  chamber  above  for  the  reception 
of  the  registering  mechaiiism  G— Figs.  28,  29,  32,  and  33 
Upon  the  top  of  the  plate  E,  and  within  the  chamber  F 
(see  Fig.  34),  is  fonned  a  box  H,  which  contains  the  valves 
1 1',  covering  port-holes  that  communicate  respectively  with 
the  interior  and  exttriur  of  the  bellows  on  either  side  of 
the  vertical  division  B,  as  fully  explained  later.  It 
will  be  noticed  that  the  inlet  J  (on  the  left-hand  side  of 
Fig.  34)  couimunicates  with  a  passage  K  on  the  underside  of 
the  plate  E,  which  latter  lias  an  rrifice  L  leading  into  the 
valve  box  H.  This  pa.'wage  K  has  a  dead  end  at  M,  foniied 
by  the  intersection  of  the  two  channel  plates  N  N'.  as  can 
\k  very  clearly  .seen  by  Fig,  3.!>  (page  1 .57).  These  channels 
N  N  communicate  respectively  with  the  exhaust  ports  of 
the  valves  and  the  outlet  pipe  O.  The  foregoing  valves 
1 1'  are  known  in  steam  practice  as  D  valves.and  they  work 
uiHjn  a  grill  having  three  openings  or  poiis,  the  middle  po^t 
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being  known  as  the  exhaust  port,  whicli  coiniiiunicabes  witli 
the  channels  N  N',  as  previously  pointed  out.  One  of  the 
other  two  ports  Q  Q'  of  each  valve  opens  into  the  interior 
of  the  bellows  C  C  by  a  communicating  pipe  P  P',  soldered 
on  cither  side  of  the  vertical  division  B.     Tlie  other  port 


RR'  of  the  valves  opens  into  the  body  chamber  A  A',  but 
oiUsitfe  the  bellows. 

The  diaphragms  D  U'  of  each  bellows  arc  attached  by  a 
hinge  SS'  to  flagwires  TT'  that  pass  into  the  chamber  F 
through  stuffing-boxea  and  glantls  (see  Fig. ;)+)  that  ellectu- 
ally  prevent  the  escape  of  gas  into  the  said  chamber,  but  at 
the  same  time  allow  the  flagwires  T  T'  to  turn  freely,  and 
transfer  motion  by  means  of  the  connecting  links  U  U'  (see 
Figs.  28,  20,  32,  33,  and  3*)  to  the  spindle  V,  that  passes 
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through  a  stuffing-box  to  the  interior  o£  the  valve  I'ox  Hij 
The  lower  end  of  the  spindle  V  w  formed  as  a  crank,  and  isl 
connected  to  the  D  valves  1 1,  hy  links  W  W. 

These  valves  and  the  ports  they  cover  are  arranged  at  anl 
angle  of  4->  deg.  to  a  line  drawn  through  the  centre  of  the 
meter,   which,   therefore,  gives  an  advance   movement  of 
one  valve  o\'er  the  other  of  about  90  deg.,  with  the  object 
of   ensuring   tliat    the   flow  of  gas  through   the  meter  ia  ■ 
uninterrupted. 

Upon  the  top  of  the  spindle  V  is  fitted  a  worm  X,  which,  I 
by  a  wheel  Y  and  spindle  Z,  communicates  motion  to-  the  I 
train  of  gearing  G. 

Presuming  in  the  first  place  that  the  air  has  been  driven  I 
out  of  the  meter,  and  that  gas  is  passing  into  the  inlet  J, ,( 
from  which  to  tlie  outlet  0  its  passage  will  be  traced  I 
consecutively,  the  method  of  operation  is  as  follows  : — 

Referring  more  particularly  to  Fig.  34,  the  gas  passing 
down  the  inlet  pipe  J  enters  the  channel  K,  passes  through 
the  orifice  L.into  the  chamber  H;  the  valves  at  this 
juncture  being  in  the  position  shown  in  Figa.  2G,  28 — that 
is  to  say,  the  port  R  of  the  valve  is  fully  open  to  allow  the 
gas  to  pass  through  in  the  direction  indicated  by  the  arrows 
to  fill  the  chamber  A,  and,  by  its  pressure  upon  the  dia- 
phragm D,  cause  it  to  close  in  aud  expel  the  gas  through 
the  passage  P,  port  Q,  and  under  the  valve,  through  the 
exhaust  into  the  channel  N  to  the  outlet  0  (Fig.  34),  thence 
into  the  consuTuer's  pipes. 

As  the  diaphragm  D  njoves  under  tlie  pressure  of  the  gas, 
it  turns,  by  niean.s  of  the  hinge  S,  the  flagwire  T,  and 
rotates  the  crank  spindle  a  quarter  turn,  by  this  means 
bringing  the  valves  into  the  position  shown  in  Figs.  27  and 
29,  in  which  the  corresponding  valve  port  R'  is  now  fully 
open  to  admit  gas  to  the  chamber  A',  press  on  the  dia- 
phragm D',  expel  the  gas  in  C,  through  the  pipe  P'  port 
Q'  under  valve,  through  exhaust,  into  the  channel  N'  to 
the  outlet  0,  as  befoi-o  described  with  reference  to  the 
chamber  A. 
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The  iliapliraym  D  in  its  movement  inwards  has  coin- 
municated  motion  to  the  crank  spindle  V  (Fig.  :14)  in  the  same 
manner  as  the  previous  one,  and  has  gradually  moved 
the  valves  to  the  position  shown  in  Figs.  30,  32,  in  which 
it  will  be  noticed  that  the  port  Q  is  fully  open  for  the 
gas  to  enter  liy  the  channel  P  and  fill  the  bellows  to  the 
utmost  extent  of  its  movement,  and  expel  the  gas  pre- 
viously fed  into  the  chamber  A  baclt  thraugh  the  poi't 
R,  under  the  valve  through  the  exhaust  port,  to  the  channel 
N,  and  thence  by  pipe  O  to  outlet,  by  which  time  a  further 
movement  1ih.s  been  communicated  to  the  valve  spindle  V 
in  the  manner  now  well  known,  bringing  the  valves  into 


the  position  shown  in  Figs.  .11,  33,  for  the  gas  to  enter  the 
port  Q'  and  expanil  the  other  bellows  C,  forcing  out  the 
gas  in  chamber  A'  through  the  port  RS  under  the  valve, 
by  way  of  exhaust  channel  N'  to  the  outlet  0,  anil  thus 
bringing  the  valves  into  the  position  shown  on  Figs.  26,  28, 
for  another  cycle  to  commence. 

The  crank  V  has  now  been  revolved  one  complete  turn, 
which  turn  is  duly  recorded  by  the  index.  It  will  now  be 
clearly  understood  that  the  gas  alternately  enters  and 
expands  the  bellows  from  the  chamber  H  through  a  given 
port,  and  expels  the  gaa  in  the  chamber  A  through  the  other 
port,  and  the  gas  that  previously  entered  the  bellows  is 
expelled  back  through  the  same  port;  but  by  reason  of 
the   movement   of  the  valve,   it   is   causetJ    to  pass  away 
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through  tlie  exhaust  to  the  outlet,  and  this  cycle  i»  caiTied  j 
on  continuously  on  either  side^that  is  to  say,  it  ia  I 
equi^'alent  to  gas  entering  a  cylinder  at  the  forwai-d  side  J 
and  forcinj:;  the  piston  along  to  expel  ga-s  previously  entered  ' 
at  the  liack  of  the  piston,  and  then  by  the  change 
over  of  the  valves  the  I'cverse  takes  place — the  gas  entering 
at   the   hack    of    the    piston    to    force    the    gas    out    at 


the   iront    side,   hut 


Fig.  38. 

each  case  passing  through  the 
exhaust  port  to  the  consumer's  pipes. 

Now,  inasmuch  as  the  diaphragm  D  D'  has  a  delinito 
movement  or  stroke,  and  the  ana  of  the  diaphragm  is 
known,  it  follows  that  at  each  pulsation  of  the  bellows  a 
known  cubical  quantity  of  gas  enters  the  bellows,  and  by 
the  outward  movement  of  the  diaphragm  a  similar  amount 
is  displaced  and  passes  away  to  the  consumer's  pipes,  and 
by  reason  of  the  tram  of  gearing  being  calculated  to  a  given 
ratio  of  such  outward  movements  of  the  bellows,  a  cubic 
foot  is  registered  when  a  cubic  foot  has  passed. 

Moreover,   sliould    the    meter    by    comparison    with 
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standard  meter  be  found  to  be  cither  fast  or  slow,  tlie 
stroke  or  amount  of  outward  and  inward  movement  of 
the  diaphragm  is  regulated  by  shifting  the  tangent  pin  A 
nearer  to  or  farther  from  the  crank  centre  V,  so  the 
mechanism  can  be  adjusted  to  give  extremely  accurate 
results,  and  yet,  at  the  same  time,  the  gas  continually  flows 
through  the  meter  without  interruption,  because  one  of  the 
valves  being  in  advance  of  the  other,  one  or  other  of  the 
poits  is  always  open  before  the  other  closes. 

The  bent  wire  h  h^  is  hinged  to  pillars  C  C\  and  rides 
in  slots  of  a  plate  attached  at  either  side  of  the  diaphragm 
to  cause  it  to  move  out  regularly,  instead  of  unevenly,  as 
would  otherwise  be  the  case.  It  should  be  noticed  that, 
throughout  the  several  views,  the  passages  leading  from 
the  bellows  to  the  parts  of  the  slide  valves  are  shown  as 
pipes,  to  more  clearly  indicate  the  passage  of  the  gas,  and 
are,  therefore,  not  to  be  taken  as  representing  the  actual 
construction  of  these  passages  as  adopted  in  a  meter. 

As  before  explained,  the  valves  are  opened  and  shut  by 
the  motion  of  the  diaphragms  D  D\  with  which  they  are 
connected  by  means  of  the  flagwircs  T  T\  and  the  valves 
are  so  armnged  that  one  of  the  chambers  is  receiving  and 
the  other  discharging  gas,  so  that  the  bellows  are  never 
both  full  or  both  empty  at  the  same  time ;  each  chamber  is 
distinct  from  the  other,  but  they  are  connected  together  by 
the  rods  and  top  mechanism,  so  that  one  cannot  move  with- 
out the  other. 

The  horizontal  sliding  motion  of  the  valves  is  converted 
into  a  rotary  motion  for  working  the  index,  which  consists 
of  a  very  simple  train  of  wheels  and  pinions  (similar  to 
thase  used  for  clockwork)  and  by  hands  or  pointers  adapted 
to  move  over  a  series  of  indices,  bv  which  the  ffas.  as  it  is 
measured  in  its  passage  through  the  meter,  is  registered. 
The  index  shown  at  Fig.  37  is  that  usually  attached  to  a  ten- 
light  meter,  the  small  dial  at  the  top  having  five  divisions 
representing  imits,  so  that  when  the  pointer  has  moved 
once  round  this  dial  it  will  indicate  that  five  cubic  feet 
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ha\'e  passed  tliro\igh  tlie  meter.  Each  of  the  other  th: 
indices  are  flivided  into  ten,  and  aro  capabJe  of  recortling 
fronUOO  Ut  100,000  cubic  feet.  The  three  lower  dials  are 
marked  i-espeetively  1  thous.,  10  thous.,  100  thous.,  indicat- 
ing that  when  the  hand  of  any  one  of  these  three  dials  has 
made  a  complete  revolution,  it  will  count  as  either  1000, 
10,000,  or  100,000  respectively,  and  it  is  not  to  be  taken 
that  when  the  hand  has  nio\ed  from  1  to  2  a  thousand  has 
passed,  but  only  100;  therefore,  the  first  dial  represents  in 
each  division  so  many  hundreds,  the  second  dial  so  many 
thousands,  and  the  third  dial  so  many  tens  of  thousands. 
For  example,  each  division  of  the  dial  marked  1  thous,  is 
equal    to    100,   and    a   complete  revolution   of   the  band 
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to  1000.  Ejich  division  of  the  dial  marked  10  thoiis.  is 
equal  to  1000,  and  a  complete  revolution  of  the  hand,  to 
10,000,  Each  division  of  the  dial  marked  100  thous.  is 
eijual  to  10,000,  and  a  complete  revolution,  to  100,000. 

In  reading  the  index  of  a  meter  it  miLst  be  remembered 
that  two  ciphers  (00)  are  always  undei-atood  to  be  placed  at 
the  right  of  the  figures  on  the  dial  marked  1  thou-s.,  so  that 
I,  2,  3,  denote  100,  200, 300,  and  so  on  to  900.  When  the 
hand  upon  the  1  thous.  dial  has  completed  a  revolution  and 
points  towards  0,  the  hand  on  the  centre  din!  will  have 
moved  from  0  to  1.  Three  ciphers  (000)  ha\'e  then  to  be 
a<ided  to  these  figures,  making,  with  the  1  just  mentioned, 
1000.  The  same  method  of  decimal  computation  applies  to 
the   left-hand   dial;  the   first  figure   denoting  10,000,  the 
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second  20,000,  and  so  on  until  the  pointer  has  gone  round 
to  0,  when  the  total  quantity  of  gas  recorded  will  be 
100,000.  It  must  be  remembered  that  the  pointers  on  the 
outside  dials  move  from  left  to  right  in  the  same  direction 
as  the  hands  of  a  watch.  The  pointer  on  the  centre  dial 
moves  from  right  to  left.  This  is  done  to  simplify  the 
mechanism  and  prevent  unnecessary  friction.  As  examples 
of  the  method  of  ascertaining  from  time  to  time  the 
quantities  of  gas  consumed,  and  of  keeping  a  record  of 
the  same,  the  following  instructions  should  be  followed : — 
The  figures  must  be  read  in  their  proper  order  of  units, 
tens,  and  hundreds,  beginning  with  hundreds,  which,  of 
course,    is   the   first   figure    at  the    left-hand,   and    being 
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Fig    38. 

careful  always  to  take  the  figure  next  behind,  never  in 
advance  of,  the  pointer.  Thus,  in  Fig.  37,  the  state  of  the 
index  is  1,  2.  3,  which  is  inunediately  made  intelligible  by 
the  addition  of  two  ciphers  (as  before  explained),  the 
quantity  of  gas  registered  being  12,300  (twelve  thousand 
and  three  hundred)  cubic  feet  After  a  few  weeks  or 
months,  according  to  the  number  of  burners  and  the  season 
of  the  year,  on  again  examining  the  index  we  will  suppose 
the  figures  to  be  as  showTi  in  Fig.  38,  namely,  1,  4,  9,  which, 
by  the  addition  of  two  ciphers,  become  14,000.  If  from 
these  we  deduct  the  former  12,300,  the  gas  consumed  will 
have  been  2600  since  the  previous  inspection. 

Let  it  be  noticed  that,  although  the  hand  upon  either  of 
the  dials  may,  as  in  the  case  last  mentioned,  point  towards 
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any  one  of  the  figures,  that  particular  figure  will  not  be  the 
correct  indication  unless  the  hand  upon  the  dial  imme- 
diately to  the  right  has  completed  its  revolution.  In  this 
respect  the  same  rule  must  be  observed  as  with  clocks  and 
watches.  Supposing  the  hour  hand  to  point  towards  2  and 
the  minute  hand  towards  11,  it  would  not  be  coiTect  to  say 


Fig.  39. 

it  was  2  o'clock.  In  the  present  case,  the  hand  on  the 
centre  dial  points  towards  5,  and  that  on  the  right-hand 
dial  Ijetwcen  9  and  0 ;  but,  as  the  latter  ha.s  not  arrived  at 
0  the  record  is  not  1.5,000,  but,  as  already  stated,  the 
figures  next  behiml  the  pointers  must  be  taken  down, 
namely,  l+,!)00,  or  more  exactly,  14,9.50. 

fhe  Wet  Meter. — Tbcro    is   no   doubt    that    this   meter 
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originated  from  the  mode  in  which  gas  makers  timed  the 
rising  and  falling  of  their  gasholders.  They  were  in  those 
days  in  the  habit  of  marking  a  scale  up  the  side  of  the 
holder,  and  by  taking  into  account  the  fact  that  during  the 
day  gas  was  being  made  and  little  consumption  taking 
place,  and  that  at  night  little  gas  was  manufactured  and 
the  consumption  was  at  its  greatest,  they  weie   enabled 


Fig.  40. 

to  get  an  approximate  idea  of  their  manufacture  and 
consumption. 

Figs.  39  and  40  show  an  early  form  of  what  might  bo 
termed  a  holder-meter.  The  twin  Ijells  worked  up  and 
down  alternately,  and,  by  a  lever  attached  to  them,  a  slide 
valve  was  moved,  which  allowed  the  entrance  of  gas  into 
and  out  of  the  valves. 

One  of  the  first  drum  meters  made  is  shown  in  Fig.  41. 

It  has  two  chambers.      The  gas  enters  in   through  the 

spindle,  passes  into  the  chambers  through  the  syphon  pipes 
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and  the  outlet,  which  is  a  small  hole  on  the  outside  of  the 
di-um,  to  the  outlet  of  the  meter. 

Figs.  42  and  43  illustrate  one  of  the  first  meters  having  a 
four-partition  drum.     In  this  case  the  gas  enters  into  a 
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Fig.  41. 

centre  chamber  of  the  drum  by  means  of  a  spout.     From 
this  inner  chamber  it  entei-s  into  the  measurinjr  chambers 


OUTVCT 


=    -     -I     INLCT 


Fig.   42. 


Fig.  43. 


through  a  slit,  and  as  it  revolves,  escapes  through  another 
opening  at  the  top. 

The  meter  shown  in  Fig.  44  may  be  taken  as  the  standard 
pattern  now  in  general  use.     The  only  addition  or  variancQ 
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from  this  meter  is  an  attachment  to  conntE'ract,  or  counter- 
poise, the  evaporation  of  water— a  defect  which  none  of 
the  former  meters  had  overcome.  In  tliis  meter  the  gas 
cntens  through  the  casing  of  tlie  meter  hy  an  elbow  iiijjc 
into  the  drum.  Thia  drum  revolves  on  its  shaft,  and 
is    divided    into    four    distinct    chambera    a.s    shown    in 


Fig.  4-5,  which  also  shows  one  of  the  four  paits  with  its 
fioping  partitions.  Figs.  4G  to  49  give  the  other 
divisions  of  the  dnim,  back,  front,  and  top,  together  with 
one  section  out  of  the  water-line.  The  action  of  the  meter 
is  shown  in  Fig.  50.  On  the  l>ack  of  the  drum  is  a  hood- 
piece,  covering  np  the  four  openings  of  the  different 
chambers.    The   hood   is   kept  supplied  witli  gaB  \>j  tlio 
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spout,  which  is  really  a  continuation  of  the  company's 
main.  As  the  opening  of  the  drum  at  the  back  is 
above  the  water-line  the  gas  enters  underneath  one 
of  the  chambers  and  presses  it  forward  until  the 
opening  dips  into  the  water  on  the  reverse  side,  enclosing  a 
certain  quantity  of  gas,  dependent  upon  the  height  of 
the  water-line.  By  the  time  that  this  movement  has  taken 
place,  the  second  chamber  shows  an  opening,  and  takes  up 
the  work  of  its  predecessor,  and  so  on  until  each  chamber 
has  done  its  work  in  rotation.     The  gas  in  the  chambers  Ls 


Fig   45. 

allowed  to  escape  by  an  opening  or  slit  in  the  front  of  the 
drum  to  the  outlet  of  the  meter. 

Fig.  50  is  the  form  of  meter  made  for  large  con- 
sumei*s,  or  station  meters,  and  is  supplied  with  a  small 
stream  of  water  flowing  into  it,  the  surplus  water  being 
allowed  to  escape  through  a  suitable  draw-off  plug.  In 
smaller  meters  a  float  arrangement  is  fixed — see  Fig.  44. 
This  float  is  allowed  a  ccitain  margin  of  water-line,  and 
when  the  meter  is  not  continually  being  refilled  it  ckops 
down  and  shuts  off  the  supply  of  gas.     But  most  companies 
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Fig.  46. 


Fig   47 
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now  insist  upon  having  some  sort  of  compensating  arrange- 
ment fitted  to  their  metei-s,  which  keeps  the  water-line  at 
a    fixed   level.     There  are  also  some   meters  fitted  with 


compensating   drums,   which   return   a  certain  amount  of 
gas  at  each  revolution. 

The  advantage  of  the  diy  meter  over  the  wet  one  for 


Fig.  49 


ordinary  use  is  that  it  does  not  require  constant  attendance 
in  order  to  supply  water,  although  at  times  it  may  be 
nccessarj'  to  empty  out  Mater  condensed  from  the  moisture 
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carried  by  the  gas.  Unftntimately,  Iicwfvcr,  in  conac<juence 
of  the  variation  of  the  fohlings  of  tlic  leatlicr  portion  of 
the  bellows,  the  indications  of  a  dry  meter  are  not  so 
perfect  as  may  be  obtained  from  a  wet  meter,  the  water- 
line  in  which  can  be  adjusted  with  perfect  accuracy,  and 
therefore  the  wet  metor  is  always  preferred  for  experimental 
ineaaurements  of  the  volume  of  a  gas  used  in  testing  either 


its  i|uality  or  that  of  any  special  Imnn.'i'  employed  for  its 
consumption. 

Pfepayment  Meters. — The  dry  form  uf  meter  is  almost 
exclusively  used  for  the  prepayment,  or  i>onny-in- the- slot, 
meter.  This  new  feature  in  the  gas  industry,  although  it  is 
quite  in  its  infancy,  has  already  been  found  to  be  a  great 
boon  to  the  working  and  middle  classes.  It  has  the  great 
advantage  that  consumers  know  exactly  the  cost  of  their 
gas  lighting  and  cooking,  and  can  tell  day  by  day  what 
their  expenditure  is  in  this  direction.  Mast  of  the  prepay- 
ments attachments  are  connected  with  a  worm  and  wheel 
(ace  Fig.  34  at  spur  wheel  G)  to  the  ordinary  meter,  and 
with  each  revolution  of  the  meter  this  is  transferred  to  a 
reciprocating  motion,  which  is  driven   in  one  direction  by 
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tlie  iiiotur's  working,  whilst,  by  the  insertion  of  a  coin  into 
a  moving  money  pocket,  the  reciprocating  motion  is  driven 
back  in  the  opposite  direction.  Attadied  to  the  moving 
part  of  this  reciprocating  motion  is  an  arm  or  It-ver  working 
a  valve.  When  the  mechanism  is  actuated  Ly  a  coin  it 
opens  a  valve  and  indicates  on  a  small  dial  tlie  amount  of 
ga.s  paid  for.  A  limited  nun>lier  of  coins  may  be  inserted 
into  the  meter  before  it  is  full.  As  the  gas  is  used  tlio 
mechanism  draws  lack  the  lever  controlling  the  valve  until 


the  full  (|iiantity  of  gas  has  been  consumed.  Another 
important  part  of  this  mechanism  Is  that  it  can  be  set  to 
give  a  certain  number  of  cubic  feet  of  gas  for  each  coin 
inserted.  This  is  done  by  two  methods.  First,  by  a 
movable  price-cliangcr,  which  can  be  moved  veiy  easily  tii 
the  required  number  of  feet  to  suit  the  price  of  gas  sold  ui 
the  district,     Second,  by  a  system  of  change  wheels. 

MenMfS.  T.  Gluivr  and  C'o.'a  imj>rotrd  jjrejxiyvient  mefei: 
— The  price -changing  device  of  this  Hnii  is  claimed  to  be  a 
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{jciii  of  meclianical  ingenuity.  It  consists  of  a  brass  plate^ 
having  holes  around  its  edge,  numbered  by  regular  intervals 
and  indicating  the  number  of  feet  to  be  delivered  for  tho 
coin.  Thia  plate  is  suspended  from  a  hook  through  the 
proper  hole,  ami  is  fastened  to  the  meter  by  a  cross-barj 
locking  screw,  and  seal.  Access  to  this  screw  can  only  be 
obtained  by  breaking  the  seal.  The  removal  of  the  screw 
permits  the  plate  to  be  hung  by  any  desired  hole,  when  the 
quantity  of  gas  to  be  delivered  for  the  coin  is  at  once 


varied.  There  arc  no  geara  to  be  changed.  No  tools  are 
necessary  but  an  ordinary  sci-ew-driver.  Tho  price  of  gas 
at  which  the  meter  is  set  can  be  determined  at  a  glance  at 
any  time  (Figs.  -51  to  5-1'), 

Messrs.  W.  Parkinson  and  Co.'s  onlinary  wet  meters  in  ' 
cast  iron  cases  (Fig.  5.j)  work  with  veiy  little  friction,  and 
are  constructed  to  stand  very  high  pressures.     They  eannofe 
possibly  lie  shut  off  by  sudilen  increa.se  of  prcs,sure,  the  float 
being  affected  by  outlet  gas  only.     They  allow  for  loss  of 
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water   l.>y   evaporation,  without    materially   affecting    the:! 
registration  or  shutting  ofT  the  gas. 

The  sami;  firra  siipplies  compensating  meters  in  tinned  ] 
or  east  iron  ca-^es  (Fig.  5C).     This  form  of  slow-spoon  com- 
ponwator   has  been  in  extensive   use  for  many  years ;    it 
maintains    jin    unvaiying   water-line   without    appreciable 


friction,  and  provides  a  larjje  reserve  of  water.  The  float 
arrangement  allows  sudden  or  excessive  pressure  on  the 
inlet  without  affecting  tlio  working  of  tlie  meter  or  i 
tinguishing  the  lights. 

The    following    instructioas    arc  given   hy   Messrs.   W..j 
Parkinson  and  Co.  for  usln^r  their  prepayment  meters  : — 

Dim/ (o»«.— Turn    the  wlieelat  the  side  of  the  meter  1 
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(FigH.  57  am!  5S)  right  back  and  pnt  the  coin  in;  then 
turn  the  wheel  forwanl  until  the  coin  drops  in  the  l>ox 
Itelow. 

For  altfriwj  Uit  pnce  ut  which  the  ijas  is  aoU. — Break  the 
seal  at  the  front  of  the  side  box,  remove  the  screw,  and  turn 
the  nuiiiU'fcd  brass  scale  until  the  reciiiired  number  appears ; 


then  secure  the  scale  by  inserting  the  screw  again,  and  seal 
if  desired.  The  numbers  on  scale  indicate  the  tjuaiitity  of 
gas  in  eiibic  feet  given  for  each  coin. 

Should  the  meter  be  tampered  with,  or  any  foreign 
substance  be  forced  into  the  slot,  the  inspector  can 
readily  see  what  is  wi-ong  by  taking  out  the  screw  alK^e 
referred  to,  and  removing  the  side  of  the  box,  which  b 
fitted  with  a  simple  bayonet  joint. 
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Thv  Sutherland  Patent  Automatic  Attachtnent  (see 
FigN.  50  and  60)  is  claimed  to  be  one  of  the  most  simple 
that  has  yet  been  placed  on  the  mai'kut.  All  the  parts  are 
interchangeable,  and  may  be  instantly  replaced.  All  screws 
ai*  of  Whitworth  standard  sizes,  and  special  attention  is 
called  to  the  auto-valve,  which  is  not  afi'ected  by  condensa- 
tion or  grit.     With  the  aid  of  a  screw-driver  the  inspector 


can  instantly  adjust  the  number  of  feet  of  gas  to  be 
aiipplicfl.  The  price -changing  mechanism  can  only  be 
adjusted  by  the  inspector.  These  meters  can  be  made  tor 
shillings  or  any  other  coin. 

Mestn-s.  W.  B.  C<ymin  and  Co.'a  Prepayment  Gaa  Metet'a 
(Figs.  61  and  G2). — The  convenience  and  advantages 
inherent  in  tlie  pointer  and  scale  principle  of  price  adjustment 
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have  been  i-emJered  certain  of  attainment  Ly  piyjvi  ding  a  series 
of  niimbcreii  liolcs,  into  any  one  of  ^^■hich  the  screw  which 
secures  the  pointer  may  be  fixeil.  Thus  any  possible  un- 
certainty in  regai-d  to  the  sotting  of  the  pointer  is  prevented. 
The  coin  itself  operates  the  pi-epayuient  wheel  when  gai 
is  being  purchased;  and  the  coin  is  not  discliarged  into  the 
moncy-hos  till  its  full  value  in  gas  has  been  placed  at  the 
coasuuier'a  disposal.     The  discharge  of  the  coin  is  cUeeted 


by  the  pointer  itsell',  which  carries  a  cam  that  nets  on  the 
coin  and  ejects  it  when  ga.s  equal  in  quantity  to  that  which 
the  pointer  indicates  has  been  inatle  available — but  not 
before. 

It  is  claimed  that  meters  constructed  on  the  change- wheel 
Bystem  possess  important  advantages  over  other  coin  metere 
of  the  same  typo;  the  mechanism  being  simpler  and  leas  liable 
to  derangement  than  that  of  any  similar  meter  in  the  market. 
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When  tlir  mochanisin  has  to  be  re-ailjuated  to  suit  cliangea 
in  the  piioc  of  gas,  this  is  efFoctcd  by  removing  two  wheels, 
and  replacing  them  by  others  having  the  number  of  teetli 
reriuircJ  to  give  the  exact  (]uantity  of  gas  desired.  This 
intercliange  is  readily  performed,  the  mechanism  bjing  so 
arranged  tliat  the  removal  of  a  single  pin  or  screw  enables 
the  wheels  to  1«  withdmwn  and  replaced,  without  serious 


trouble  or  loss  of  tinir.  In  a  meter  of  this  tj'pc  this  is  a 
matter  of  groat  iinpovtance,  especially  where  large  numbers 
of  prepayment  metora  have  to  he  re-adjusted  to  suit  altera- 
tions in  the  price  of  ga.t. 

Simmancc's  Patent  Double-coin  Meter  (Fig,  63), — The 
mechanism  of  thi.1  enables  coins  of  two  or  more  different  values 
to  bo  used  in  the  one  meter.  The  usual  coins  are  a  shilling 
or  a  penny,  and  any  number  up  to  24  can  l>c  inserted  in 
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any  oi-der,  and  gas  given  in  exact  proportiun.  A  separate 
Blot  13  arranged  for  each  kind  of  coin  which  must  be  of 
different  dimensions,  and  a  small  coin  placed  in  a  larger 
slot  will  lie  automatically  rejected.  In  the  case  of  asliilling 
and  a  penny,  if  a  shilling  is  inserted,  and  gas  commences 
to  pa-sa,  and  then  a  penny  be  inserted,  the  presence  of 
the  penny  throws  the  shilling  action  out  of  gear  until  a 


sepamte  pennyworth  ha-s  been  delivered,  after  which  i 
iinworked  ofl'  balance  of  the  shilling  will  be  yielded. 

The  accuracy  of  all  gas  meters  supplied  to  the  public  is 
guaranteed  by  the  system  of  testing  prescribed  by  the  Sales 
of  Gas  ict,  1859.  TTnder  this  Act,  Justices  of  the  Peace, 
County  Councils,  and  Town  Councils  may  appoint 
Inspectors  and  provide  them  with  the  necessary  apparatus 
for  the  testing  of  ga.^  meters,  which,  having  been  fnuntl 
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correct,  are  Mtampud  witli  a  stamp  is-siicd  by  the  Standarili 
Department  of  the  Board  of  Trade,  and  any  pei-son  using  a 
meter  not  no  stamped  b  llalile  to  a  fine  of  £5.  It  is 
specially  provided  in  the  Act  that  no  maker,  repairer,  or 
seller  of  metera,  or  of  yas,  or  pei-aon  mo  eniployed,  ahall  iiv 


Inspector  of  Meturs  under  the  Act.  The  following 
points  arc  apccifically  referred  to  in  tlie  Act : — "  Clause 
XII. — No  meter  shall  he  stampeil  which  shall  be  found  by 
the  Inspector  to  i-egister,  or  be  capable  of  being  made  by 
any  contrivance  tor  that  purpose,  or   by   increase   or   by 
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decrease  of  the  water  in  such  meter,  or  by  any  other  means 
practically  prevented  in  good  meters,  to  register  quantities 
varying  from  the  true  standard  measure  of  gas  more  than 
iyfo  per  centum  in  favour  of  the  seller,  or  three  per  centuvi 
in  favour  of  the  consumer;  and  eveiy  meter,  whether 
stamped  or  unstamped,  which  shall  be  found  by  such 
Inspector  to  register  or  be  so  capable  of  l)eing  made  to 
register  quantities  varying  beyond  the  al)Ove  limits  afore- 
said, shall  be  deemed  incorrect  within  the  meaning  of  this 
Act.  Provided  always  that  every  meter  having  a  measuring 
capacity  at  one  revolution  or  complete  action  of  the  meter 
of  not  less  than  5  cubic  feet,  and  having  permanently 
marked  upon  it  in  some  conspicuous  place  the  words 
'  without  float,'  shall  be  stamped  by  the  Inspectors  if  found 
correct." 

This  last  provision  applies  to  large  station  metei*s  used 
for  special  purposes  only. 

"  Clause  XIII. — The  following  rules  shall  be  observed  by 
the  Inspector  in  testing  meters  under  the  provisions  of  this 
Act: — 

"  Fii-stly,  the  meters  shall  be  tested  for  soundness  or  leak- 
age only,  and  not  for  percentage  of  error,  when  fixed  on  a 
horizontal  base,  and  with  gas  under  a  pressure  et^ual  to  a 
column  of  water  three  inches  high,  with  a  light  or  lights 
consuming  not  more  that  one-twentieth  part  of  its  measur- 
ing capacity  per  hour  marked  thereon,  nor  less  than  one- 
half  of  a  cubic  foot  per  hour,  for  all  meters  of  a  measuring 
capacity  not  exceeding  one  hundred  cubic  feet  per  hour, 
and  not  more  than  one-fortieth  part  of  its  said  measuring 
capacity  per  hour  for  all  meters  of  any  greater  measuring 
capacity  per  hour  than  one  humlred  cubic  feet ;  and  all 
meters  found  to  work  under  such  test  shall  be  deemed 
sound  meters,  and  any  meter  found  not  to  work  under  such 
test  shall  not  be  stamped." 

"  The  meter  to  be  tested  for  percentage  of  error  shall  be 
fixed  on  a  horizontal  base,  and  shall  be  tested  at  a  pressure 
equal  to  a  column  of  water  five-tenths  of  an  inch  high,  and 
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passing  tin;  quantity  of  gas  or  atuiosphoric  air  per  hour, 
wliicli  sliall  be  iiiarkcil  thereon  as  its  measuring  capacity 
per  hour,  and  the  water  used  in  such  teatiiig,  and  the  air  in 
the  room  in  wliicli  such  testing  shall  be  made,  shall  lie  as 
nearly  as  practicable  of  the  same  temperature  of  the  gas  or 
air  passed  through  the  meter." 

"Clause  XIV. — If  any  person  or  ]Jcrsons  shall  make, 
except  under  the  authority  of  this  Act,  or  forge,  or  counter- 
feit, or  cause  or  procure  to  lie  made,  except  aa  aforesaid,  or 
forged  or  counterfeited,  or  knowingly  act  or  as.sist  in  the 
making,  except  as  afore-said,  or  forging,  or  counterfeiting,  any 
stamp  or  mark  whieli  may  be  hereafter  used  for  the  stamping 
or  marking  of  any  meter  under  this  Act,  every  person  bo 
offending  shall  for  everj-  sueli  offence  forfeit  on  conviction 
a  sum  not  exceeding  fifty  pounds  or  less  than  ten  pounds  ; 
and  if  any  person  shall  knowingly  sell,  utter,  or  dispose  of, 
let,  lend,  or  expose  to  sale,  any  meter  with  -such  forged 
stamp  thereon,  every  person  so  offending  shall  for  every 
such  offence  forfeit  on  conviction  a  sum  not  exceeding  ten 
pounds  or  less  than  forty  sliillings,  and  all  such  meters  with 
such  forged  and  counterfeited  stamps  shall  be  forfeited  and 
destroyed." 

Clause  XV.  enacts  a  penalty  of  five  pounds  against  any 
person  who  shall  alter  or  tamper  with  any  stamped  meter 
so  as  to  cause  it  to  register  unjustly  or  fraudulently,  &c. 

Clause  XIX. — "  Tlie  fees  for  examination,  comparison, 
and  testing,  with  or  without  stamping,  meters,  shall  be  six- 
pence for  each  meter  delivering  a  cubic  foot  of  gas  in  four 
or  more  revolutions  or  complete  repetitions  of  the  action  of 
the  meter,  and  one  shilling  for  each  meter  delivering  a  cubic 
foot  of  gas  by  any  less  number  of  revolutions  or  complete 
actions,  or  one  revolution  or  complete  action  ;  and  for  each 
meter  delivering  more  than  one  cubic  foot  of  gas  by  one 
revolution  or  complete  action,  the  further  sum  of  one 
shilling  for  every  cubic  foot  of  gas  delivered  at  one  revolu- 
tion or  complete  action  beyond  the  first  cubic  foot." 

Clause  XX, — "  In   Kngland   and    in   such    Imroughs  and 
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towns  as  aforesaid  in  Ireland,  it  shall  be  lawful  for  any 
Inspector,  authorised  in  writing  under  the  hand  of  any 
Justice  of  the  Peace  in  England  and  Ireland,  or  of  any 
Sheriff,  Justice,  or  Magistrate  in  Scotland,  at  the  request 
and  expense  of  any  buyer  or  seller  of  gas,  who  shall  have 
given  twenty-four  houiV  notice  in  writing  to  the  other 
party  to  the  contract,  at  all  reasonable  times  to  enter  any 
house  or  shop,  store,  warehouse,  shed,  yard,  or  place 
whatsoever  within  his  jurisdiction,  where  any  meter, 
whether  stamped  or  unstamped,  shall  be  fixed  or  used,  and 
to  examine  and  test  the  same,  and,  if  necessary  for  such 
purpose,  to  remove  such  meter,  doing  as  little  damage 
thereby  as  may  be ;  and  if  upon  such  examination  and 
testing  it  shall  appear  that  any  such  meter  is  incorrect 
within  the  meaning  of  this  Act,  or  fraudulent,  the  same 
shall  not  be  refixed  or  used  again  unless  and  until  altered 
and  repaired  so  as  to  measure  and  register  coiTcctly,  and 
stamped ;  and  the  fees  on  such  removal,  examination,  and 
testing  of  a  meter,  whether  stamped  and  replaced  or  not, 
shall  be  double  the  fees  hereinbefore  made  payable  for 
testing  and  stamping,  and  shall  be  payable  by  the  buyer  or 
seller  of  gas  as  the  Justice  of  the  Peace  in  England  and 
Ireland,  or  the  Sheriff,  Justice,  or  Magistrate  in  Scotland, 
as  the  case  may  be,  shall  determine,  and  shall  be  recoverable 
accordingly ;  provided  always,  that  in  case  the  head  office 
of  the  pei*son  or  company  to  whom  such  notice  is  to  be 
given  shall  be  more  than  twenty  miles  distant  from  the 
meter  referred  to  in  such  notice,  three  days*  notice  in 
writing  shall  be  given  instead  of  twenty-four  hours*  notice 
as  aforesaid ;  and  provided  also,  that  any  person  duly 
authorised  by  any  company  or  person  selling  gas  by  meter 
may  supply  water  to  any  meter,  so  as  to  keep  the  water  at 
the  coiTcct  level." 

Clause  XXT.  provides  for  disputes  between  the  parties 
as  to  the  correctness  of  a  test. 

The  remaining  clauses  of  this  valuable  Act  are  merely 
administrative,  and  need  not  here  be  further  referred  to. 
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From  tlie  J'l ircj^oinf;  it  will  be  ween  how  carefully  tlie 
interests  of  tlic  constimura  are  gnanlcii.  If  those  who  ' 
KO  loudly  complain  of  the  inftceuracy  of  their  gas  mctera 
would  only  take  the  trouble  to  ascertain  the  facts  of 
the  case,  they  would  soon  he  more  than  satisfied  of  the 
niannci'  in  which  eveiy  exertion  is  made  to  ensure  rijjid 
accuracy  in  the  measurement  of  the  gas  they  use.  In 
London  alone  about  a  quarter  of  a  million  meters  are 
tented  annually  at  the  gas  meter  testing  stations  formerly 
instituted  by  the  Metropolitan  Board  of  Works,  and  now 
inuU'i-  the  control  of  the  London  County  Council,  where  a 
large  statt'  of  highly-trained  and  thoroughly  independent 
tliief  Inspectors,  Inspectors,  and  assistants,  are  daily 
employed  in  this  duty  alone. 

There  is  one  point,  however,  alwut  the  ordinary  con- 
sumer's gas  meter  which,  in  very  few  exceptional  instances, 
rendei-8  the  indications  unreliable,  and  that  is  that  by 
some  oversii>ht  in  fitting  the  train  of  wheels,  actuating 
the  dial  bands,  a  wrong  one  may  be  used,  that  is  to  say,  one 
of  a  set  belonging  to  a  meter  of  different  size  'may  be  acci- 
dentally placed  in  position.  This  will  cause  an  error  so 
large  that  sooner  or  later  it  is  sure  to  he  detected.  Unfor- 
tunately, the  law  doe.s  not  provide  for  the  independent 
testing  of  the  indices,  and  sa  the  usual  test  of  a  meter 
relates  only  to  the  correctness  of  the  capacity  of  the 
measuring  dnmi  in  a  wet,  or  bellows  in  a  dry  meter,  as  the 
case  may  be,  and  the  ijuantity  of  gas  pa.i.sed  thi-ough 
the  meter  being  only  some  5ft.  or  10ft.,  there  is  no  check 
upon  the  indications  of  the  diab  registering  hundreds  and 
thousands  of  feet. 

This  question  has  been  again  and  again  brought  forward, 
and  reconuiiendations  made  for  an  alteration  of  the  law  in 
this  respect  so  as  to  provide  for  the  necessary  testing,  but 
without  result.  So  far  back  as  February,  lSfS4,  the  writer 
rejjorted  fully  on  this  matter  to  the  Special  Purposes  and 
Sanitary  Committee  of  the  late  Metropolitan  Board  of 
Worku,  who  iirged    the    necessity  for    the  amendment  of 


Testa  of  Meter  Indices.  1 85 

the  Act  upon  the  Government  authorities,  but  in  the  press 
of  parliamentary  work  no  time  could  be  found  for  action, 
although  its  desirability  was  admitted. 

The  Inspectors  and  their  assistants  do  detect  a  number 
of  such  cases  in  the  counse  of  their  ordinary  work,  as  they 
are  fully  alive  to  the  matter  ;  but  the  question  will  not  be 
properly  settled  until  the  indices  are  separately  tested  and 
stamped. 

The  following  obsei-vations  of  the  Inspectors  on  some  of 
the  cases  detected  by  them  will  serve  to  indicate  the 
nature  of  the  fault*  : — 

"Wrong  wheel  on  dial  indicating  tens  of  thousands  of 
feet,  whereby  that  hand  loses  G5,000  in  eveiy  million. 
The  index  is  further  defective,  whereby  the  100,000  hand 
occasionally  indicates  200,000." 

"  Defect  in  frame  of  index,  the  hand  indicating  hundreds 
would  not  register,  the  next  dial  indicating  5000ft.  for  each 
lOOft.  passed  through  the  meter." 

"  Error  in  consequence  of  hands  coming  in  contact." 

"  The  wheel  on  spindle  of  thousands  did  not  gear  in 
piston  of  hundreds ;  thousands  hand  did  not  register." 

"  Wrong  index." 

"  Wrong  driving  wheel." 

"Index  works  backwards;   when   1000ft.  passed,  shows 
registration  of  9000." 
.  *'  Index  did  not  register." 

"  Index  registers  double." 

"  Registers  20ft.  for  10ft." 

"  Wrong  drum." 

"  Third  dial  52  teeth  instead  of  CO.  Index  showed 
33  per  cent,  against  consumer." 

As  stated  above,  these  are  entirely  exceptional;  but, 
nevertheless,  they  should  be  guarded  against,  and  not  left 
to  cliance  discoveiy. 


*  Report  of  the  Chemibt  of    the    Metropolitan  Board  of  Works  on 
"  Defective  Indices  in  Gas  Meters,'*  February  2Gtb,  1684. 
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CHATTER    XI. 


GAS   BVBNEllS. 

The  gratliml  development  of  the  ga.'^  biiiTier  forms  a  most 
intt'R'Mting  study.  At  firet  tlic  simple  jet  was  employed, 
■  and  then  this  was  iciodiiied  in  various  ways.  It  was  not 
long  before  the  advantage  of  arranging  tlie  jets  in  a  cii'cle, 
HO  as  to  produce  a  flame  on  Argand's  principle,  was  adopted. 
The  flat  flame  was  first  ohtained  Ijy  utilising  tho  effect  of 
two  jets  of  flame  impinging  upon  one  another,  with  tlic 
result  that  the  mutual  resistance  of  the  two  currents  of  gas 
caused  a  lateral  expansion.  This  arrangement  is  known  as 
the  ■■  Fishtail  "  burner,  because  of  the  shape  of  the  flame. 
For  the  same  reason  the  "  Batswing"  was  so  named.  Tills 
flame  is  obtaincil  by  causing  the  gas  to  leave  the  burner  by 
an  opening  in  the  form  of  a  slit.  When  the  pressure  of  the 
gas  is  high  the  flame  expands  laterally  to  a  considerable 
extent,  hence  the  name  "  Batswing." 

These  original  simple  forms  of  burners  were  the  fore- 
runners of  all  the  prcseut  developments  of  ordinary  gas 
burners.  The  introduction  of  the  principle  of  "  regenera- 
tion" by  Hieniens,  however,  caused  a  complete  revolution, 
and  residta  were  obtained  which  previously  had  been 
looked  upon  aa  beyond  reach.  Under  the  ordinaiy  eon- 
ditious  anything  from  two  to  three  candies  of  light  yielded 
per  cubic  foot  of  gas  consumed  was  considered  good,  but 
Siemens  at  once  raised  this  "duty,"  as  it  is  called,  to  four 
and  five  candles  per  foot.  The  original  bumers  of  Siemens 
were  constructed  on  the  principle  of  the  Argaud,  but 
the  flame  turned  down  inwards  over  the  edge  of  a 
short    earthenware    chimney     placed  in  the  centre   of  the 
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tiauie,  by  which  arraiigcment  the  heated  products  of 
combustion  wore  caused  to  warm  Iwtli  the  gas  and  air 
supplied  to  the  burner,  witli  the  result  that  the  light  thereby 
obtained  was  comiiderably  enhanced. 

Mr.  Grimston  then  conceived  the  idea  of  turning  the 
burner  upside  down,  so  that  the  bottom  poition  should  not 
cast  a  shadow,  and  this  lie  canied  out  veiy  effectually.  Mr. 
F.  W.  Clark  produced  a  smaller  type  of  lamp  on  the  same 
principle,  but  particularly  adapted  for  use  in  railway 
carriages.  Then  followed  the  well-known  Wenham  lamp, 
and  others  of  more  or  teas  value,  until  Mr.  Sugg  finally  pro- 
duced a  burner  on  this  principle  which  gave  a  duty  of  11 
candles  per  foot. 

These  great  improvements,  worked  out  by  indefatigable 
inventoi's  after  years  of  patient  labour,  were  nevertheless 
thrown  completely  into  the  shade  by  the  almost  over- 
powering light  yielded  by  means  of  the  inventions  of  Heri' 
von  Welsbach,  whose  incandescent  "  mantle,"  when  in  its 
best  condition,  readily  yields  no  less  than  a  "  duty  "  of  20 
candles  per  foot,  without  the  use  of  forced  air  or  gas. 
By  means  of  .such  contrivances  even  letter  results  are 
obtained,  and  it  yet  remains  to  be  seen  where  finality  will 
be  reached. 

As  many  people  yet  pi-cfer  to  employ  the  older  patterns 
of  gfis  burnci"a,  it  will  be  advisable  to  consider 
these  and  the  results  they  give  somewhat  more  in 
detail. 

A  most  complete  investigation  of  the  light-giving  values 
of  various  forms  of  gas  burners  then  available  to  the  public 
was  undertaken  by  the  author  in  conjunction  with  the 
late  Professor  William  Foster,  at  the  request  of  the  Com- 
mittee of  the  Gas  Section  of  the  Ciystal  Palact  Electric 
Exhibition  in  1882-3.  This  work  has  been  supplemented 
from  time  to  time  by  the  author,  and  the  results  embodied 
in  the  present  chapter. 

Single  Flat-Jlame  litirntrs  without  Governors.  —  The 
iiisults  of  numerous  tests  show  conchisivoly  the  yreat  loss 
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of  illuiiiinating  powur  occa.'^iunud  Ijy  the  unc  of  union  jefe 
and  iron  jot  ImrnL-rs,  the  highest  dnty  affoi-ded  by  the  nnioR  J 
jet  when  burning  16-cimdIc  gas  being  27  candles  per  cubic  '1 
foot  of  gas  consumed,  and  only  21  by  the  iron  jet.  In  this  ] 
scries  the  superiority  of  the  variolic?  types  of  steatite  sHt  | 
burners  is  very  marked,  the  duty  rising  to  a  naaxinium  of  j 
3'2  candles  per  foot  of  gas.  When  the  consumption  of  gas  J 
varied  from  10  to  3'0  cubic  feet  per  hour,  the  duty  varied  j 
with  different  burners  from  0!)  to  22;  with  consumptioBS  J 
from  3'1  to  40  cubic  feet  per  hour,  the  duty  was  from  I'D  1 
to  I'C;  with  consumptions  from  4-1  to  -i-O  cubic  feet  i 
hour,  the  duty  was  from  1-2  to  2-1;  with  consumptions  from  i 
o'l  to  C^O  cubic  feet  per  hour,  the  duty  was  from  l^S  to  2'8 
with  from 51  to  60  cuuic  feet  per  hour,  the  duty  was  from  I 
10  to  2'8  ;  with  G"l  to  70  cubic  feet  per  hour,  it  was  from  J 
2'4  to  30  ;  and  over 7"i  cubic  feet  per  hour,  the  duty  varied  I 
from  20  to  32. 

It  will  thus  be  seen  that,  apart  fri'Ui  the  paiti- 
cular  burner  employed,  there  was  an  increase  in  tho  I 
(juantity  of  light  yielded  per  cubic  foot  of  gas  consumed  up  | 
to  a  maximum  of  3-2  candles  of  light  per  cubic  foot  of  gas,  I 
and  it  wuidd  seem  that  this  is  the  limit  which  can  be  | 
reached  by  ordinary  single  flat-flame  bui-ners.  If  the  I 
quantity  of  gas  forced  through  the  burner  exceeds  tha  I 
limit  for  which  the  burner  is  constructed,  either  a  loose  \ 
smoky  tiame,  or  one  ovcrbumt,  after  the  manner  of  i 
blow-pipe  tIame,  results.  In  either  case  the  (juantity  of  J 
light  per  unit  volume  of  gas  is  at  once  reduced,  and  loss! 
results. 

In    1871    tho  Metropolitan  Gas  Referees  reported  fully, J 
upon  the  question  of  the  construction  of  gas  burners  with  1 
reference    to   the    principles    of    gas    illumination.      The  { 
information  embodied  therein  is  so  valuable  and  inteiest- 
ing  that  tho  following  extracts  are  reprinted,  as  foiiuing 
one  of  the  most  im^TOrtant  links  in  the  chain  of  knowledge 
of  the  practical  application  of  illuminating  gas  for  light- 
ing purposes. 


EXTRACTS  KiioM  tbb  FIRST  REPORT  to  thk  BOARD  OF 
TRADE  BY  THE  GAS  REFEREES  on  tub  CONSTRUCTION 
OF  GAS  BURNERS  with  bbfekenis  tu  thk  PRINCIPLES 
OF  GAS  ILLUMINATION. 


Tot 


!  Lords  of  thk  Committee  of  Pkivy  Col'N( 
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Gaa  Referees'  Department,  23,  New  Street, 

Spring  Gardens,  June  22nd,  1871. 

The  Gaa  Referees  have  the  honour  to  subnait  to  the  Board  of 
Trade  the  following  Report,  which  containa  the  result  of  their 
iDveBtigations  of  the  principles  which  regulate  the  development  of 
light  froiu  goji,  and  the  application  of  tliose  principles  to  the  constrnc- 
tioD  and  uae  of  burners,  in  the  manner  most  advantageous  and 
economical  tor  the  public. 

Every  improvemcat  in  the  construction  of  gas  burners  is  ecjuivalent, 
in  its  economical  effucta,  to  the  discovery  of  a  method  of  cheapening 
the  manufacture  and  supply  of  gas ;  for  it  enables  the  public  to  obtain 
more  light  from  the  gas  which  they  consume  and  pay  for.  By  using 
good  burnera,  instead  of  bad  ones,  conautiiera  may  obtain  from  ^0  to 
00  per  cent,  more  light,  while  their  gas  bill  remains  the  same. 

The  improvement  of  burners  is  also  important  as  a  measure  of 
sanitary  reform ;  for  as  by  this  means  the  required  amount  of  light 
is  obtainable  from  a  smaller  quantity  of  gaa,  the  atmosphere  of  rooms 
and  workshops  is  less  vitiated.  Not  only  is  an  unnecessary  amount 
of  heat  avoided,  but,  in  consequence  of  leas  gas  being  burnt,  the 
pernicious  products  of  combustion  discharged  into  the  air  (viz., 
carbonic  acid  gas,  the  sulphur  impurities,  .tc.)  are  equally  diminished  ; 
BO  that  the  condition  of  the  occupants  of  private  dwellings,  and  still 
more  o(  the  workpeople  eiuployed  in  factories  and  other  large  esta' 
biiahments,  is  rendered  more  cotiifortabic  and  healthy  than  it  could 
otherwise  be.  In  fact,  the  improvement  of  burners  is  itself  an 
important  means  of  diminishing  the  pernicioua  effect  of  the  impuritica 
in  gaa — the  gradual  reduction  of  which  impuritiea  to  a  minimum  ia 
one  of  the  duties  devolved  upon  the  Gas  Referees. 

As  stated  in  their  Report,  dated  8rd  May,  1869,  the  Referees,  in  the 
course  of  their  investigatioos  relative  to  the  choice  of  a  standard 
burner,  made  and  tested  a  large  coUeotion  of  burners  of  all  kinds, 
obtained  from  the  leading  gas*fitting  estabUshments  and  other 
quarters  ;  and  in  consequence  of  the  great  numerical  preponderance 
of  bad  burners  in  the  collection,  they  were  led  to  inspect  the  gaS' 
lighting  arrangements  in  several  large  establishments  in  the  City— 
espeoiallj  those  in  which,  owing  to  the  prevalence  o(  night.work,  an 
nausaally  large  quantity  of  gas  is  consumed.  The  inspection  fully 
confirmed  the  apprehensions  which  the  Referees  had  formed  from 
their  ezaajinatiou  of  the  burners  procured  from  the  gas  fitting  csla- 
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blishments.  For  example,  in  the  ofljces  of  two  of  the  daily  newa- 
papera  (eatabUshmenta  which  consume  more  gas  than  any  others),  it 
was  found  that  the  burners  chiefly  in  use  were  so  defective  that  they 
gare  out  only  nnc-liatfot  the  illuminating  power  of  the  gas  actually 
consumed.  And  several  of  the  burners  tested  by  the  Referees  gave 
only  one/oiirik  of  the  proper  light  of  the  gas!  These  facts,  and 
many  others  which  came  to  their  knowledge,  proved  to  the  Iteferees 
that  "an  enoriuoua  waste  of  gas  prevails,  with  a  corresponding 
pecuniary  loss  to  the  public  ; "  and  they  considered  it  a  matter  of 
urgent  importance  that  such  facta  should  be  made  generally  linown. 

The  economy  to  the  public,  arising  from  the  use  of  good  gas 
burners  instead  of  bad  ones,  is  so  obvious  as  hardly  to  need  remark. 
The  gas  rental  of  London  amounts  annually  to  more  than  lu-o  mitlioiiii 
sfriliny.  Taking  a  very  moderate  estimate,  upwards  of  one'/oarth 
of  tills  sum  (.£500,000  per  annum)  might  be  saved  by  the  use  of  good 
burners.  This  is  the  saving  which  might  be  made  in  London  alone ; 
how  much  vaster  the  sum  thus  economised  it  good  gas  burners  were 
to  come  into  general  use  throughout  I'^ngland!  In  truth,  the  economy 
arising  to  the  public  froui  the  use  of  improved  burners  is  as  large  as 
can  be  produced  for  many  years  to  come  from  any  improvements  in 
the  manufacture  of  gas,  or  from  the  amalgamation  of  companies  by 
which  the  cost  of  supply  will  ho  so  materially  reduced.  The  queation 
of  burners,  indeed,  although  hitherto  so  little  considered  or  investigated, 
meets  one  at  every  turn  in  matters  connected  with  gas-light — whether 
these  be  regarded  as  problems  of  science,  or  ia  the  more  widely  useful 
and  practical  form  as  a  means  of   economy   for  the  gas-tonsuming 

On  llie  III II III 'mating  Powi-r  of  Gag.—As  a  scientific  queation,  the 
illuminating  power  of  gas  has  given  rise  to  much  discussion  ;  and 
there  are  several  points  of  this  kind,  which,  owing  to  their  practical 
bearing,  must  he  determined  at  the  outset,  in  any  satisfactory  exposi- 
tion of  the  most  efScient  and  economical  means  and  apparatus  lor 
obtaining  a  maximum  of  light  from  gas.  The  lirst  of  these  questions 
ia,  la  the  illuminating  power  affected  by  the  quantity  in  which  gas  is 
burnt  ? — in  other  words,  Is  it  more  economical  to  use  small  burners 
or  large  onca  ? 

The  doctrine  that  the  light-givinK  power  of  gas  undergoes  variations 
according  to  the  quantity  in  which  the  gas  is  burnt  was  first  pro- 
pounded, OS  the  result  of  experiments,  by  Drs.  Christison  and  Turner, 
of  Bdioburgh,  in  IH'I^i,  and  subsequently  by  the  late  eminent  gas 
engineer,  Mr.  liing.  of  Liverpool,  by  MM.  Audoin  and  B<*rard.  of 
I'aris,  and  others,  all  of  whom  maintain  that  gas  gives  a  larger 
proportion  of  light  when  it  is  burnt  in  large  quantities  than  in  small. 
The  most  recent  experimentalist  upon  this  question  is  Mr.  Farmer, 
of  America,  photometric  observer  to  the  Manhattan  Gas  Company, 
who  holds  that  the  illuminating  power  of  gaa  increases  Id  a  gcometricAl 


i 


Gas  Re/efeea'  Report  i 


diderence  in  the  ball 
maoner,  it  4rb.  of  gas  do  not 
light  which  6ft.  of   the  same 


ratio  as  the  square  of  the  quantity  of  gsB  cooaumed.  According  to 
this  doctrine  (now  known  as  the  "  Fanner  Theorem  "  | ''  if  2ft.  of  gas 
give  a  light  equal  to  4,  3ft.  of  the  same  gas  will  give  a  light  equal  to 
(not  6,  but)  9— 4tt.  to  16— 5(t.  to  '25— and  6ft.  wOl  give  a  light  equal 
to  (not  12,  but)  36.  Although  this  theorem  appears  to  have  been 
accepted  in  America,  it  has  found  no  Bupportera  in  this  country. 
Nevertheless,  the  doctrine  that  the  illuminating  power  of  gas  ifors 
vary  (although  in  what  ratio  is  not  agreed)  according  to  the  quantity 
of  gas  consumed  appears  to  have  taken  6rm  ground  on  the  Continent, 
as  well  as  in  this  country,  and  in  America.  As  a  practical  question, 
it  is  important  to  determine  whether  the  doctrine  h  correct. 

In  a  case  like  this,  the  first  and  most  natural  suggestion  is,  to 
inquire  whether  the  observed  variations  in  the  illuminating  power 
are  not  due.  wholly  or  in  part,  to  the  mechanical  apparatus  employed 
for  developing  it.  If  two  tons  of  identically  the  same  coal  do  not, 
when  butnt  separately,  give  out  the  saiue  amount  of  heat,  is  not 
the  explanation  to  be  sought  in  some  difference  in  the  mode  of 
combustion  ?  If  two  gallons  nf  the  same  water,  when  weighed 
sepairately,  do  not  show  the  same  weight,  must  there  not  be  some 
the  details  of  weighing  ?  In  like 
i  exactly  two-thirds  the  amount  of 
a  gives,  is  not  the  difference  first 
to  be  looked  for  in  the  nature  of  the  burners  employed  in  the 
experinientB  ?  Not  to  take  into  careful  account  the  infiuence  of 
the  burners,  when  testing  the  illuminating  power  of  gap,  is  as 
great  an  oversight  as  if,  in  weighing,  one  were  to  make  no  examina- 
tion of  the  balances ;  or  as  if  an  engineer  were  to  take  no  account  of 
the  boilers  he  employed,  and  then,  finding  that  a  ton  of  coal  in  some 
circumstances  raised  a  greater  proportion  of  steam  than  when  half  a- 
ton  was  used,  were  to  jump  to  the  conclusion  that  the  heat-giving 
power  of  coal  became  greater,  relatively  to  the  quantity  consumed, 
when  a  ton  was  used  than  when  half  that  quantity  was  employed. 

What  a  boiler  is  to  coal  and  the  generation  of  steam,  so  is  a  burner 
to  gas  and  the  development  of  light.  One  ton  of  coal  in  a  locomotive 
o(  the  present  day  generates  as  much  force  as  six  tons  did  forty  years 
ago,  simply  owing  to  the  superior  construction  of  the  locomotive.  In 
like  manner,  as  regards  the  illuminating  power  of  gas,  there  are  good 
bamers  and  bod  ones.  Moreover,  as  every  scientifically -constructed 
boiler  is  devised  epecialiy  for  a  given  amount  of  coal,  by  the  con- 
sumption of  which  the  boiler  develops  its  maximum  of  power  relative 
to  the  quantity  of  fuel  used,  so  every  well  constructed  burner  is 
devised  to  consume  a  fixed  quantity  of  gas.  Indeed,  for  every  burner, 
whether  good  or  bad,  there  is  a  certain  rate  of  consumption  at  u  bich 
the  burner  does  more  justice  to  the  illuminating  power  of  the  gas  than 
•  Sec  page  140, 
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at  DthcT  rates,  whebber  greater  or  less.  To  disregard  these  considera- 
tions is  to  render  experiments  wholly  ufieless  and  misleading. 

First,  as  to  good  burners  and  bad  ones  :— Take  two  burners,  each  of 
wbich  gives  its  maximum  of  light  (i'.'^-,  does  most  justice  to  the  gas) 
at  the  same  rate  of  consumption  ;  nevertheless  the  light  emitted  by 
one  of  the  burners  may  be  much  greater,  or  much  less,  than  that  ot 
the  other.  Beconjly,  as  to  the  misuse  of  burners  :^Tal£C  a  burner 
which  does  most  justice  to  the  gas  when  the  rate  of  consumption  is 
5lt.  per  hour ;  then,  if  the  rate  of  consumption  be  either  increased  or 
diminished  from  that  point,  the  gas  will,  of  course,  give  out  less  light 
in  proportion  to  the  quantity  conaumed  than  before. 

Both  of  these  tacts,  simple  as  they  are,  seem  for  long  never  to  have 
been  even  suspected.  The  early  experimenters  relative  to  the  illumi- 
nating power  of  gas  wholly  overlooked  this  fundamental  point  in  the 
inquiry.  This  error  was  committed  by  Prs.  Cbristison  and  Turner, 
who  hence  came  to  the  conclusion  that  because  one  Argand  burning 
4(t.  an  hour  gave  more  light  than  two  precisely  similar  Argands  con- 
suming 2ft.  each,  that  therefore  gas  gave  more  light  when  burned  in 
the  former  quantity  than  in  the  latter.  Upon  dmilar  grounds  these 
experimenters  might  have  maintained  that  because  a  ball  (ired  out  of 
a  rifle  with  a  charge  of  3  drtj.  of  gunpowder  went  further  and  had  more 
penetrating  force  than  two  smaller  balls  fired  out  of  two  similar  rifles, 
each  with  IJ  dra.  charge,  that  therefore  gunpowder  had  more  explo- 
sive force,  relative  to  its  weight,  when  fired  in  the  former  quantity 
than  in  the  latter.  An  .\rgand  burner  is  fitted  to  consume  a  special 
quantity  of  gas  of  a  given  quality,  just  as  much  as  a  rifle  is  specially 
adapted  for  a  special  ball  and  charge  of  pouder.  And  the  same  is 
true  of  every  kind  of  gas  burner. 

The  proper  regulation  of  the  supply  of  air  to  tbe  flame  is  the  chief 
secret  of  developing  a  maximum  of  light  from  gas.  The  greater  the 
quantity,  or  the  richer  the  (juality,  of  the  gas,  the  more  air  is  required, 
and  hence  the  better  will  the  flame  bear  contact  with  the  atmosphere; 
for,  the  greater  is  tlie  quantity  of  matter  to  be  oxidised,  or  consumed 
by  combustion.  And  it  is  important  to  observe  that  tbe  greater  the 
velocity  with  which  gas  issues  from  aburner,  the  greater  is  the  supply 
of  air  to  tbe  flame— the  more  an-  ig  the  flame  brought  in  contact  with. 
Tbe  stream  of  burning  gas  from  the  burner,  rising  through  the  (we 
shall  say)  quiescent  atmosphere  of  the  room,  draws  in  tbe  air  upon 
itself— just  as  a  rapid  stream  passing  through  a  pool  or  lake  disturbs 
the  stillness  oF  the  pool,  and  draws  in  upon  itself  in  eddies  the  sur- 
rounding water ;  and  the  more  rapid  the  upward  stream  of  gas,  the 
greater  the  quantity  of  air  thus  drawn  in  upon  the  flame. 

The  important  bearing  which  the  above  statements  have  upon  any 
question  connected  with  gas  illumination  is  manifest  at  a  glance. 
They  illustrate  the  chief  conditions  which  afleot  the  illuminating 
power  of  gas;  they  show  how  great  may  be  lljc  variations  of  that 
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illumiiialing  power  owing  to  the  different  kinds  of  burners  used,  and 
also  to  the  luanner  in  nhich  the  gas  is  consuineil  even  in  tbe  Eame 
burner.     The  Babjoined  EtaUattcs  eiemplifj  both  of  these  points. 

Tbe  experiments  here  gisen  were  innde  at  intervals  during  tbe  last 
two  jcsirs ;  and  the  earlier  experiments  of  tbe  seriee  were  made  with- 
out any  reference  to  tbe  theory  or  doctrine  now  in  question,  bul 
simply  in  order  to  aBocrtain  correctly  and  fairly  Ibe  capacity  of  burners 
to  develop  the  illuminating  power  or  hghtgiving  properly  of  gae. 
The  gas  with  which  the  experiments  were  made  was  common  gas 
baving  an  average  illaminating  power  of  IJ  xpenn  candies,  when  con- 
sumed at  the  rale  of  iift.  per  hour  in  Sugg's  London  Argand  No.  1. 
Thia  Argand,  buraing  at  the  above-mentioned  rate,  was  taken  as  the 
standard  in  tho  eiperimentB,  and  its  light  reckoned  aa  100.  The 
other  burners— uatn el y,  those  experimented  with— were  made  to  con- 
Bome  gas  at  various  rates,  from  lit,  to  (I  ft.  per  hour;  and  the  mode 
of  computing  tbeir  light  with  reference  to  tho  standflrd  burner  was  tbe 
ordinary  and  simple  one  as  follows :  —  Suppose  the  tested  burner  gave 
a  light  of  40  per  cent,  (compared  with  the  standard  burner)  wbcn 
horning  at  the  rate  of  4ft.  an  hour,  then,  instead  of  40,  its  light  is 
stated  in  the  fourth  column  as  r>0 — becaUEe  the  standaid  burner  was 
consuming  Sft.  an  hour  against Uie  4ft.  consumed  by  the  tested  burner. 
In  like  manner,  if  a  tested  burner  gave  a  light  of  GO  per  cent,  (com- 
pared to  tho  standard)  when  burnlri^  (3ft.  an  hour,  then,  instead  of  60, 
its  light  is  stated  in  the  fourth  column  as  CO— as  it  was  consuming 
one-sixth  more  gas  than  the  standard  burner.  On  the  other  band,  if 
tbe  tested  burner  consumed  exactly  5ft.  an  hour,  then  tho  6gureB  in 
tbe  fourth  column  would  be  tbe  same  as  those  in  the  third  ;  for,  in 
this  case,  both  the  standard  and  the  tested  burner  were  consuming  the 
same  volume  of  gas. 

First,  let  us  give  the  results  of  tbe  experiments  with  fishtail  and 
hntswing  burners  (Table  XXXII.). 

These  experiments  show  at  a  glance  what  a  difference  the  burner 
makes  upon  the  light  emitted  by  gas,  The  quality  of  (be  gas  was,  in 
each  experiment,  the  same;  yet  how  serious  the  difference  in  the 
amount  of  light  given  by  tbe  several  burners— one  of  tliem  (No.  V.) 
giving  at  its  best  barely  one-Jiflh  of  the  light  obtainable  from  tbe  gas. 
But  the  point  specially  to  be  determined  is,  does  the  illuminating 
power  of  gas  vary  according  to  the  quantity  in  which  it  IB  burnt, 
increasing  with  the  rate  of  consumption  ?  If  the  doctrine  maintained 
by  various  experimentalists  in  this  country,  and  which  Mr.  Farmer 
carried  to  an  extreme,  were  correct,  we  should  find  the  burners  giving 
more  and  more  light,  relative  to  the  quantity  of  gas  consumed,  as  the 
rate  of  consumption  is  increaBed  ;  but  these  experiments  fhow  to 
demonstration  that  such  is  not  the  cose.  Instead  of  the  gas  giving 
more  light  as  the  rate  of  consumption  is  increased,  it  will  be  s«en 
thtt,  in  every  eaie,  there  is  a  point  beyond  which  the  light  dechrasbs 
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These  cxperimenta  wilfa  batewing  ojid  fisbtall  burners  show  ecu- 
clusivelj  that  there  is  do  foundation  far  the  above-mentioned  doctrine. 
Bat  when  we  come  to  deal  with  Argand  burners,  wo  encounter  results 
which  tend  to  explain  how  the  doctrine  arose.  As  already  ssid,  the 
chief  means  of  obtaining  the  luaximuni  of  illuminating  power  from 
gas  is  to  ensure  an  exactly  adequate  supply  of  air  to  the  gas  flame; 
and,  with  Argands,  this  point  is  easily  found,  for  it  Immediately 
precedes  the  stage  of  combuslion  at  which  the  flame  Biuokes — i.e., 
when  the  air  supply  becomes  deficient,  and  a  portion  of  the  gas  is  not 
thoroughly  consumed.  Indeed,  we  may  state  as  an  absolute  rule, 
that  every  burner  gives  ila  own  mariminn  o/  liffhl  (relative  to  the 
quantity  of  gas  consumed)  ivhfn  Us  Jlain'-  is  jiiil  ujion  Ike  point  oj 
tmokiiig.  With  the  batswing  and  fishtail  burners  used  in  the  preceding 
experiments,  there  was  no  rate  of  consumption  at  which  the  flame  of 
any  of  them  visibly  smoked  ;  and  ibis  holds  good  in  regard  to  almost 
all  batswing  and  fishtail  burners  when  used  with  common  gas,  i.c  , 
gas  of  from  i'2  to  l<i  candle-power.  Uut  with  Argands  (owing  to  the 
glass  chimney  which  encloses  thcui,  and  regulates  the  air  supply), 
it  is  always  possible  to  increase  the  consumption  of  gas  to  such  a 
point  OS  will  make  the  dame  smoke ;  and  hence  every  burner  of 
this  kind  eon  be  used  in  a  manner  which  will  give  the  full  Illumi- 
nating power  of  the  gas,  so  far  n»  llial  is  depenilciil  iijion  an 
adequate  air  aiippli/.  Now,  as  the  common  fault  of  Argands  is 
that  the  gas  issues  under  too  great  a  pressure,  i.e.,  with  too  great  a 
velocity,  thereby  bringing  the  flame  in  contact  with  too  much  air,  it 
follows  that  the  worse  the  Argand  the  better  will  it  become  when  a 
large  quantity  of  gas  ia  burnt  in  it ;  for  the  air  supply,  as  regulated 
by  the  chimney,  being  nearly  a  fixed  quantity,  any  excess  in  the  air 
supply  can  be  neutralised  by  increasing  the  quantity  of  gaa  consumed. 
Bnti  with  all  Argands,  whether  good  or  bad,  the  larger  the  quantity 
of  gas  consumed  in  them  (short  of  smoking},  the  greater  will  be 
the  proportion  of  light  which  they  give  from  the  gas.  These  facta, 
we  repeat,  tend  to  explain  the  origin  of  the  erroneous  and  practically 
misleading  doctrine,  that  the  capacity  of  gas  to  give  light  increases 
with  the  rjuantity  of  gas  consumed. 

Here  are  the  results  of  experiments  made  with  four  kinds  of  the 
Argand  burner — the  first  (Sugg's  London  Burner  No.  1),  one  of  the 
best  that  has  ever  been  constructed ;  the  second  and  third  are 
ordinarily  good  Argands  ;  and  the  fourth,  one  of  the  worst  Argands 
that  we  have  met  with.  The  experiments  witli  each  burner  were 
carried  up  to  the  smoking  point,  beyond  which  point  experimenta 
ore  useless,  as  there  is  a  manifest  waste  of  gas  by  imperfect 
combustion  (Table  XXXIII.). 

Here  it  is  shown  that  the  larger  the  quantity  of  gas  consumed  in 
Argands,  short  of  smoking,  the  higher  the  proportion  of  light  whiuli 
thev  give  from  the  gas.    Uut  it  is  to  he  noticed  that  even  at  this  moat 
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favourable  point  oF  consvunpUon  there  ia  a  ^ast  difference  in  the 
amount  ol  light  given  hy  the  different  hiirnera  (a  most  important  fact, 
the  cauBEH  of  which  will  be  fully  considered  ia  the  eeque)).  In  Ehott, 
then,  these  experiments  with  Argands,  like  the  previous  ones  with 
batswmgs  and  BshtoJla,  show  the  piiriuiiount  inlluence  wbicb  the 
burner  has  upon  the  amount  of  light  obtained  from  the  gas.    For 
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while  No.  !■  (jivefi  (what  we  may  forllic  present  call)  the  full  illami- 
nating  power  of  the  gae,  wfaitb  is  taken  oh  100,  Nos.  II.  and  III,  give 
a  tight  only  equal  to  7^<,  and  No.  IV.  a  light  only  equal  to  31.  In 
other  words,  the  last  of  these  burners,  tnlieii  at  if'  lent,  gives  only 
oneUiird  of  the  light  which  may  be  obtained  from  the  gas  by  a  really 
good  burner. 

The  next  experiments  tend  to  bhow,  by  direct  proof,  that  Iba 
illuminating  power  of  gas  remains  the  same,  in  whatever  quantities 
the  gas  is  consumed,  provided  that  the  right  kind  of  burners  be 
employed  in  the  experiments.  Every  burner  is  fitted,  and  every 
scientifically -construe  ted  burner  is  expressly  devised  for  a  certain  rate 
of  consumption,  and  to  use  a  Gft.  burner  with  lift,  of  gas  is  as  absurd 
as  to  use  a  3ft.  burner  with  Gft.  of  gas.  Hitherto  sufficient  attention 
hosnot  been  given  to  this  matter  (in  the  enperiments  of  Christison, 
Farmer,  and  others,  it  was  wholly  overlooked) ;  but,  m  the  construc- 
tion of  his  new  "  Ixindon  "  Argands,  Mr.  Sugg  has  acted  upon  Ibis 
right  I'rincipic  with  great  success,  although,  as  will  be  seen  from  the 
next  trble,  there  is  still  room   for    improvement.      The  subjoined 
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experiments  were  made  with  his  Beries  of  London  Argandi;,  designed 
to  bumreepectively  4tt.,  Qlb.,  GFt.,  and  7Ut.  of  common  gaa;  and,  as 
before,  his  No.  1  burner,  consuming  5ft.  per  hour,  is  taken  as  the 
standard  =  100.  Tiie  experiments  were  c:irried  up  to  the  smokiog 
point  of  each  burner  :  — 

Sugg's  London  Arrfamh. —  [These  Argands  are  so  constructed  as 
to  check  the  pressure  of  the  gaa  "  aa  delivered  to  the  burner;"  so 
that  the  pressure  given  !□  the  first  culuinn  is  no  indication  of  that 
under  which  the  gas  is  actually  conBumed,  nhich  may  he  said  to  bo 
nil ;  whereas,  with  all  the  other  burners  tested  in  the  preceding 
tables,  the  prcRsure  of  the  gas  "as  delivered  to  the  burner"  is  the 
ssme  as  at  the  point  of  ignition.] 

As  with  the  Argands  previously'  testeJ,  the  experiments  were  carried 
np  to  the  verge  of  smoking,  at  which  point  the  burners  give  their 
greatest  amount  of  light;— 
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Although  there  ere  some  differences  here,  apparently  due  to  Eome 
Nos.  of  the  series  being  better  constructed  than  the  others,  IhcBO  last 
experiments  (especially  when  taken  in  connection  with  all  the  others), 
EiifBciently  indicate  that,  throughout  the  common  range  of  cons um p. 
tion  there  is  no  difTerencc  whatever  in  the  illuminating  power  of  gss  ; 
and  bcjond  all  question  they  demonstrate  the  erroneousnesB  of  the 
doctrine  that  tbe  light-giving  power  of  gas  increases  in  a  higher  ratio 
than  the  quantity  of  gas  consumed.  In  fact,  the  Emallest  burners  here 
give  the  best  results ;  so  that,  in  these  experiments,  tbe  gas  gives  Uu 
illuminating  power  when  barol  in  large  quantity  than  in  small. 
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There  is  one  point  more,  connectied  with  thequestion  of  illuminatiiog 
power  relative  to  the  quantity  of  gaa  consumed,  which  remwna  to  be 
noticed.  It  will  be  seen  that  in  tha  case  of  every  one  of  the  buraeis 
uGcd  in  the  preceding  experiments,  there  is  a  point  in  the  rate  of 
consumption  below  which  the  proportion  of  light  given  by  the  gas 
iails  short  of  the  maximum  of  light  wliich  each  of  the  hurncrs  respec- 
tively can  give,-'  Indeed,  in  every  case,  we  have  purposely  coui- 
menced  our  experiments  with  each  burner  at  an  unduly  low  (some- 
times extremely  lowj  rate  of  consumption  in  order  that  this  fact  may 
bo  exhibited.  And,  arguing  from  this  fact,  the  most  cautious  and 
moderate  upholders  of  the  doctrine  that  the  illuminating  power  of  gns 
is  greatest  when  the  gas  is  burnt  in  largo  quantities,  maintain  that, 
whatever  be  the  rate  of  consumption,  a  fixed  portion  of  the  illuminat- 
ing power  of  gas  must  always  be  lost,  and  that,  therefore,  it  is  advan- 
tageous to  bam  gas  in  large  quantities.  The  explanation  offered  of 
this  alleged  tact  ia,  that  a  Jircil  ijuantity  ot  gas  must  be  wasted,  as 
regards  its  illuminating  power — must  be  consumed  simply  to  prodnce 
/leal  in  suflicieiit  amount  to  render  the  remainder  of  the  gas  incan- 
descent and  light-giving. 

As  to  the  amount  of  this  "  fixed"  quantity  of  gas  which  has  thus  to 
be  wasted,  no  statement  ot  any  kind  has  ever  been  oHered  ;  and  the 
whole  evidence  in  the  matter  proves  that  there  is  no  such  fixity  of 
quantity  at  all,  and  consequently  that  the  inference  drawn  from  the 
supposed  Gxity  (vi^'i  as  to  the  light-giving  power  of  gas  increasing  in 
a  higher  ratio  than  the  consumption}  is  quite  unfounded.  Indeed, 
this  hypothesis  as  to  the  fixity  of  the  quantity  of  gas  [say,  a  foot  or 
half  a  foot)  which  is  necessarily  wasted,  as  regards  illuminating  power, 
however  great  or  little  may  be  the  whole  quantity  consumed  in  the 
burner,  is  totally  opp^^sed  to  the  ordinary  laws  of  Nature.  To  suppose 
that,  when  the  rate  of  consuuiption  is  4ft.,  as  much  of  the  gas  must 
be  wasted  in  order  to  produce  heat  enough  to  render  the  remainder  ot 
the  gas  luminous,  as  when  the  consumption  is  reused  to  double  that 
quantity,  is  preposterous  ;  for  obviously  there  is  twice  as  much  gas  to 
be  raised  to  a  state  of  incandescence  in  the  latter  case  as  in  the  former. 
In  short,  it  might  as  well  be  maintained  that  the  same  quantity  of 
coal  is  required  to  ndsc  steam,  whether  the  boiler  be  large  or  small. 
Moreover,  as  shown  in  the  various  experiments  already  ^^iven,  and  as, 
indeed,  is  known  to  every  one  conversant  with  such  matters,  e 
burners,  when  consuming  exactly  the  same  quantity  of  gas,  vary  in 
the  amount  of  light  which  they  emit  to  the  extent  of  30,  00,  and  even 

-  .futt  Sh  wilb  I'llsnicgii  and  HtbtaiK  l.bjiu  ie  a  point  uf  ['UQaani' 

ladsccl,  tbti  i>  trua  ct  aU  ktcda  at  bvtaerf,  Arganda  includcil  ;  aJtbaugb  with 
ArKBadH  the  loia  of  llghl,  aboTe  a  certaJD  rate  ut  coiuuiiiptioD,  ia  due  to  iiaokJDK 
defidency  ot  aii),  wherCM  with  naked  baman 
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70  per  cent.,  Bhowing  a  corresponding  loss  or  vaste  of  the  illuminating 
power,  and  thereby  proving  that  the  waste  in  anything  but  a  fixed 
quantity. 

In  truth,  in  this  case,  as  with  all  the  variatious  in  the  proportion  of 
light  obtained  from  gas,  it  ie  simply  a  question  of  burners,  No  burners 
have  as  yet  been  devised  for  the  conaumplion  oF  gas  in  very  small 
quantiticB,  nor  are  they  much  needed.  But,  lacking  Bitch  burners,  let 
US  make  use  of  a  rude  apparatus  tor  diiuinishing  the  air  supply — vix., 
a  metal  disc  placed  above  the  upper  end  of  the  chimney  of  an  Argond 
—and  observe  the  result.  The  burner  to  which  it  was  applied  was 
Sugg's  London  Argand  No.  0,  the  very  best  burner  yd  const riictcd,-' 
and  which  gives  its  maximum  of  light  when  burning  at  the  rate  ot  Qft. 
per  hour — the  gas  being  of  6fteen  candle-power.  The  following  Table 
XXX\'.  shows  the  extraordinary  change  made  by  the  apparatus  upon 
Iho  light  of  this  burner  when  consuming  gas  in  small  quantities : — 

TAB1.B   XXXV. 
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Here  is  seen  that  in  the  initial  experiment  the  application  of  the 
disc  instantaneouBly  increased  the  light  from  the  gas  nine'/oltl  !  And 
in  the  second  experiment  the  application  even  ot  this  rude  apparatus 
Eufficcd  to  develop  from  only  two  feet  of  gas  an  atuount  of  light  pro- 
portionately greater  than  is  obtainable  from  ordinarily  good  Argacds 
(or  any  other  kind  of  burner)  when  burning  at  the  usually  higher  rates 
oE  gas  consumption.  So  that  the  loss  of  light  when  gas  is  burped  in 
small  quantities,  so  far  from  being  a  fixed  and  constant  quantity,  is 
shown  to  be  simply  owing  to  the  burner — not  to  any  variation  in  the 
light-giving  power  ot  the  gas,  but  to  the  mechanical  apparatus 
employed  for  developmg  that  power.  Just  as  (as  best  shown  in 
batswings  and  fishtails)  a  similar  and  equally  great  loss  of  light  takes 

*  It  is  neoenarj  to  atat«  that,  notwitbatiLndiag  Uie  gre&t  csira  aod  skill  with 
which  Mr.  Sogg  conatniclB  hii  buniers,  ba  bag  not  yet  aucceadcd  in  makiog  tbeui 
entiret;  mufonn,  so  thatiome  of  tbeu  bamsTB,  Btihongh  nomiaally  alike,  giro 
Bpprsci&bt)'  different  degreei  of  illaminatiiig  pownr.  [Xota  by  Ed.— Great  im- 
pniTemaiita  bave  baan  mule  since  tbii  report  was  written,  and  the  obsemticm 
doM  not  applf  at  the  preiant  time.) 
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pkce  when  the  conEumption  of  gas  ia  raised  above  e.  certain  point, 
which  varies  with  each  burner. 

Let  UB  now  summarise  the  resulta  of  the  preceding  experiments  — 

I.  Inlhe  case  of  the  batswing  aod  fishtail  burners,  there  is  a  point  □( 
consumption  above  which  every  increase  in  the  rate  of  conaumption 
producoi  a  deerease  of  light  relative  to  the  quantity  of  gas  consumed. 

II.  The  point  of  consumption  at  which  each  of  those  burners  gives 
its  maxituiim  of  light,  relative  to  the  quantity  of  gas  consumed,  varies 
enormousSy ;  two  burners  (Nos.  I.  and  V.,  page  194]  giving  moat  light 
from  Ihe  gas  when  the  rate  of  consumption  is  only  1]  feel  jicr  hour. 

III.  ^Yilh  Arganda,  on  Ihe  other  hand,  the  light  from  the  gas 
steadily  increases  in  a  higher  ratio  than  the  consumption.  In  Other 
words,  the  larger  quantity  cf  gas  consumed  in  Argands  (up  to  the 
smoking  point),  the  greater  the  amount  of  ligbt  obtained  relatively  to 
the  quantity  of  gas  consumed, 

IV.  Alike  with  Argands,  bBtswiiigs,  and  fiLhluil!".  whatever  bo  Iho 
rate  of  consumption  at  which  the  mas:imuiu  of  hght  is  obtained  fin 
other  worda,  taking  each  of  the  burners  at  its  best),  there  is  neverthe- 
less a  stiiking  difference  in  the  degree  of  light  obtained  from  the  ebius 
qoanlity  of  gas — some  burners  giving  a  light  equal  only  to  20,  while 
others  give  a  light  equal  to  00,  80,  and  100. 

V.  The  best  kinds  of  Argands  (Sugg's  London  burners)  give  a 
nearly  equal  amount  ol  light,  relatively  lo  the  quanlities  of  gas  con- 
sumed ;  the  experiments  with  them  tending  to  show  that,  within  the 
ordinary  range  of  consumption,  the  illuiuinating  power  of  gas  remains 
the  same. 

YI.  Finally,  even  as  regards  very  low  rates  of  consumption  (rates, 
indeed,  at  which  gas  ia  never  burnt  for  illuminating  purposes),  the 
application  merely  of  a  rude  apparatus  for  regulating  the  air  supply 
suffices  to  make  only  lu-o  feet  of  ^^i  give  a  light  equal  in  proportion  to 
the  greatest  amount  of  light  obtainable  from  the  gas  when  consumed 
at  any  higher  rate  in  a  really  good  burner. 

The  establishment  of  the  true  facts  of  the  case,  simple  and  natural 
as  they  arc,  not  only  serves  to  remove  a  Ktumbiing-block  and  perplexity 
from  the  path  of  science,  but,  as  will  be  evident  in  the  sequel,  is  of 
importance  in  the  practical  question  as  to  what  is  the  best  mode  of 
consuming  gas,  with  a  view  to  obtain  efficiently  and  economically  its 
highest  amount  of  illuminating  power. 


UNT.OVKIiN'KD   FLAT-FLAMt:   UrnSKU.4, 
Bray's  Gas  Burners  arc   so   well   known  a.s  to   hardly   I 
require  description,  but  it  will  ncvcrthfltss  bo  as  well  to 
indicate  the  special  features  of  the  various  kinds, 

(IJ  Specials  are  in  three  foiins,  like  ino,st  other  burners 
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of  this  nmkir,  viz.,  "  Union  Jet,"  "  Slit  Union,"  and  "  Bats- 
wini^,"  to  suit  various  pressures  and  fjualitics  of  gas. 

"  tSixcial "  Btirnera  (Figs.  64,  (I.i,  C6).— For  general 
jiurposes  the  union  jet  in  claimcil  to  bi;  tlie  most 
serviceable  burner  on  the  market.  The  "  Special " 
burners  are  made  in  the  union  jet,  imtswiiig  and  slit 
union  tyjits,  to  suit  any  pve.s.siire  or  quality  of  gas, 
by  means  of  a  check,  so  placed  that  it  cannot  bu  tampered 


with  or  di«iiTangcd.  Thuy  give  a  large,  well-sliapcd 
flaine,  ai'e  indestructible,  not  liable  to  get  out  of  order,  and 
uliow,  after  years  of  steady  use,  the  same  standard  condi- 
tions under  test.  Sizes :  union  jets,  OOOOO  to  8 ;  bats- 
wing,  000  to  9  ;  slit  unions,  1   to  9. 

(2)  -AJjmiable  Sitedal"  Burners  (Figs.  G7,  6S) 
are  only  intended  for  use  wliere  the  jressuie  of  gas 
la  too  high  for  the  ordinary  burner,  as  is  tlie  case 
in  the  upper  part  of  elevated  districts,  and  the 
top  doors  of  tall  ofBce  buildings  and  factories.  They 
arc  modifications  of  the  "  Specials,"  but  differ  from 
thoni  in  that  they  should  be  fitted  by  experienced  persons. 
while  the  "Specials"  can  be  put  on  by  anyone.  The 
"Adjustable  Special"  consists  of  two  burners  serened 
together.  The  bottom  burner  limits  the  supply  of  gas  to 
the  top,  and  after  deciding  the  size  of  the  top  burner  the 
pressure  and  consumption  of  gas  is  at  once  detemiined  and 
regulated  by  the  use  of  the  proper  size  bottom  burner.     The 
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top  bmiiers  are  made  in  union  jctn  (sizes  1  to  b),  batswiiig 
and  slit  union  (sizes  1  to  0),  and  the  bottom  bumcra  in 
union  jeta  (sizes  00  to  G).  The  illuminating  power  is 
about  the  same  as  that  of  tho  "  Specials."     The  topu  and 


bottomB  of  tlii;  "  Adjiistabk  Special "  burners  of  course  vaiy 
in  size.  The  tops  raiige  from  1  to  !J ;  the  bottoms  from  00 
to  6  ;  and  are  all  interclmngeablc. 

(y)  "Reguhtfot"  Btu-mra  (Figs.  69,  70,  and  71).— 
Though  their  illuminating  power  is  not  equal  to  that 
of  the  "  Special "  or  "  Adjustable  Special "  burners, 
or     so     much     under     control,     these     "  Regulators,"     as 


they  arc  nsually  called,  are  neveithclcss  claiuicil  to 
be  much  superior  to  the  ortlinary  steatite  tip  for  general 
purposes,  A  stea<ly,  well-shaped  flame  is  produced  by  the 
combination  of  the  "tip"  and  the  arrangement  in  the 
interior  of  the  burner.  For  "  C'lusters"  or  "  Beacon  Light's," 
or  for  pui-poses  where  two  or  more  burners  arc  required  for 
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converging  lights,  the  "  Regulator"  is  rcconmi ended.  Sizes  ; 
union  jets,  00  to  7 ;  slit  unions,  1  to  S ;  batswing,  000 
to  8. 

(4)  Thi)  Gas  Economiser  (Figs.  72  and  73)  is  an  economical 
adaptation  of  the  "  Adjustable  "  burner, but  is  les^  generally 
useful.  For  some  purposes,  however,  the  "  CJas  Economisers  " 
are  found  tobeacceptable,  and  their  cheapness  is  then  in  their 
favour.     The  t-o]i  part  only  is  required,  and  is  made  merely 


to  slip  on  to  the  ordinary  "  Regulator  "  burners.  The  "  Gas 
Economisers  "  _are  made  in  union  jets,  batswings,  and  slit 
Unions.  Sizes :  union  jets,  Noa.  5  and  7 ;  batswings, 
Nos,  6  and  7 ;  !jHt  unions,  Noa.  6  and  7,  the  slit  union  type 
being  recommended. 

(5)  "  Non-liegulator"  Burners.  —  These  bumera  are 
similar  in  outwai-d  appearance  to  the  "  Regulators,"  but 
shorter  in  the  socket,  and  arc  without  the  interior  regulat- 
ing medium.  They  do  not  prevent  roaring  and  flickering, 
but  they  are  useful  burners  fur  many  purpo.sea.  Sizes  of 
" Non-Begtilator  "  burners:  union  jets,  0  to  8;  batswings, 
00  to  9 ;  slit  unions,  2  to  9. 

(.6)  "  Ratsiall"  or  One-hole  Burner. — This  burner  shoots 
out  a  straight  jot,  like  a  rafs  tail,  and  is  used  to  some 
extent  for  lighting  purposes,  Iicating,  cooking,  pipe-lighting, 
&c.  The  sizes  usually  made  are  Nos,  00  to  G  included,  but 
larger  sizes  can,  of  course,  he  made. 

(7)  "Sunlight"  Burners. — These  are  union  jet  burners, 
adapted  for  use  in  sunlights,  with  very  strong  cases,  tips 
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estia   Kccurofl,   and    fipocial    regulating    medium.      Size 
union  jets,  00  to  7. 

(S)  "Oven"  Burners  arc  specially  made  for  use  in  ^ 
ovens.     Sizes :  Union  jets.  Nos.  00  and  0. 

f9)  "  Acclylene"  Biirvn-s  (Fign.7'i,77y,  an.l  70,1— Great  J 
skill  and  care  is  required  in  the  manufactuiT  of  acptyleno  j 


Fli.  75. 


FlK.  78. 


Fit   T4. 

Ijumcrs ;  the  drilling  and  fitting  demand  the  utmost  pre-  , 
ciwion  of  workmanship.  Bray's  acetylene  Lumei-s  are  , 
undouhtedly  of  very  lii^^h  grade,  and  are  made  in  union  jet  | 
sizes,  000,  OOOO,  and  00000;  patent  Ccetfc  union  jets,  Jft- 


and  Jft. ;  ■'  Ratstail  "  or  onedmlc  hurner,  sizes  00000000  to 
000.  Bray's  Liita  burner  (Fig.  70)  is  constructed  on  the 
Bunscn  principle. 

(10)  "MarhH"  Burners  (Figs.  77  and  7S).— Tliese  are  ] 
made  in  uninn  jets,  batswing,  and  slit  union  burners  of  ft 


large  size,  aintaljle  for  markets  or  places  where  large  llainea 
nre required, and  foroutsiJc  li^liting.  The  sizes  are:  Union 
jets,  Nas.  H  ami  9 ;  batswing,  Nom.  10  and  11 ;  s!it  union 
Xos.  lOan.l  II. 

(11)  "  R'lilica'j  CarvMiji-"  Biiniers. — These  burners  are 
spwially  made  for  use  in  the  lighting  of  railway  carriages. 
Sizes  :  union  jeta,  COOO,  000,  00. 

(12)  ■■Sti-ilhnl"  iJu;mT.'.— Lighting  power,  20,  30,  40, 
50,  GO,  70,  anil  80  candles  each.  These  burners  were  intro- 
duced iu  Feliriiary,  1H70,  to  compete,  for  street  lighting 
with  the  electric  light  and  the  Argand  system  of  gas  light- 
ing. Messra.  Bray  and  Co.  state  that  before  thci  i-  introduction 
there  were  no  slit  union  burners  which  yielded  more  than 
14i"8  candles  per  5  cubic  feet  of  IC-candio  gas,  whilst  these 
"  Standard  "  burnera  give  a  light  of  17  candles  per  5  cubic 
feet  of  IG-candle  gas — an  increase  of  over  14  iwv  cent. — 
and  maintain  this  high  lighting  power  through  consump- 
tions of  8ft.  to  2.jft.  per  hour.  The  pre.isure  at  the  point 
of  ignition  should  not  be  less  than  six-tenths,  and  may  ho 
increased  to  ten-tenths  without  diniini.sliing  the  yield  of 
light  per  foot  of  gas  con.'iumed.  Tlio  "  Standard"  bnineva 
are  suitable  for  lighting  large  areas,  either  singly  or  in 
clusters,  and  with  or  without  lant:'ni=!. 


Messrs.  Sugg  ani  Co.'g  Ttthlt-lop  Sicatlle  Fhl-Jlame 
Burners  are  shown  in  Figs.  79  to  83,  and  their  HUlow-top 
Sleatitf  Burners  in  Fig.  84. 
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Single  Flat  Flume  Burners  with  Gnremors. — With  thai 
olijcct  of  preventing  the  passage  of  an  excessive  quantity  1 
of  gas  through  the  burner,  tlie  governed  burner,  as  : 
called,  was  intiodiiced.  There  are  numerous  pattera'*  of  1 
these,  but  they  are  all  on  the  same  principle,  viz.,  tho  | 
restriction  of  the  gai  supply  by  tlie  action  of  a  plug  or  | 
needle  rising  or  falling  in  the  gas-way,  the  movement  J 
being  regulated  by  the  pressure  of  the  gas  upon  a  J 
diaphragm,  which  may  be  made  of  leather,  steatite,  brasp,  j 
&c.,  their  object  being  to  ensure  the  burner  consuming  tho  I 
particular  rate  of  gaa  for  which  it  is  best  mlapted.  Their  1 
effect  on  the  duty  of  the  gaa  is  most  marked  in  the  case  of  ( 


burners  consuming  loss  than  4:1  cubic  feet  of  gas  per  hour, 
as,  bj'  reason  of  the  steadying  and  b(^tt*r  ojcidLsation  of 
the  flame,  nearly  double  the  amount  of  light  is  afforded. 
The  reason  of  this  is  (liat  a  j;ood  burner  employed  with  n 
govci-nor  restricts  the  How  of  gas  to  a  suitable  rate, 
whereas,  if  the  same  burner  was  employed  without  a 
govemor  or  other  restricting  an-angemcnt,  it  would  allow 
too  large  a  vohmio  of  gas  to  pass,  to  prevent  which  it  has 
to  bo  made  of  such  &  size  that  it  cannot  bui-n  tho  gas  under 
the  most  favourable  conditions, 

Tlif  Peebk.i  NfCiUe  Cdieiiior  Bin-HCC,  manufactured  by 
Messrs,  D.  Bruce  PecViles  and  Co.,  of  Edinburgh,  is  specially 
designed  for    use    in   oil    kinds    of    situations    either    of 
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position  or  altitiije.  As  its  name  implies,  cveiy  burner 
contains  a  governor  to  control  the  flow  of  gas  to  the  burner 
tip,  so  as  to  ensure  a  constant  rate  of  consumption  under 
varying  conditions  of  pressure  of  the  gas  in  the  supply 
pipe.  The  burner  tip  is  designed  to  give  such  a  pressure  at 
the  actual  point  of  ignition  an  will  ensure  the  best 
illuminating  power  of  the  s'^s  used  being  obtained.  In 
other  words,  to  obtain  the  best  results  from  two  burners, 
one  burning  J  cubic  feet  per  hour,  and  the  other  2  cubic 
feet  per  hour,  diflferent  burner  tips  must  be  used,  so  that  the 
rate  at  which  the  gas  issues  f  i-om  the  burner  may  be  such 
as  to  secure  the  best  illuminating  effect.  This  result  cannot 
be  readily  obtained  by  the  use  of  larger  governors  on  the 
main  supply  pipe,  because  when  ga.s  is  ased  for  other 
purposes — i.e.,  heating  and  cooking — it  is  not  convenient  to 
reduce  the  pressure  in  the  service  pipes  so  low  as  is 
necessary  to  obtain  good  lighting  results  with  ungoverned 
burners. 

For  dwelling-houses  or  other  buildings  where  there  is 
usually  a  difference  of  altitude  of  many  feet  fram  the  base- 
ment to  the  top  rooms,  and  where  different  sizes  of  burners 
would  be  required,  automatic  governor  burners  are  best,  as 
tlic  varying  pressure  at  the  different  altitudes  is  thereby 
con-ccted  at  the  point  rcquireil,  viz.,  the  burner  tip,  and 
the  light  fi'oni  the  smaller  flames  appi-oxi mates  more  nearly 
to  the  ratio  afforded  by  the  larger  Hamos  in  proportion  to 
the  volume  of  gas  burnt. 

As  will  be  seen  from  the  illustrations  (Figs.  S3  to  89),  the 
Peebles  needle  burners  are  scientifically  constructed  instru- 
ments, being  simple  in  their  mechanism  and  therefore  not 
liable  to  get  out  of  order.  Referring  to  the  section  shown 
in  Fig.  S7,  the  cone  shown  resting  on  the  needle 
automatically  rises  and  falls  according  to  the  pressure  o£ 
the  gas ;  and,  btung  balanced  between  the  outlet  and  inlet 
gas  pressures,  closes  or  opens  the  aperture  at  the  top  of  the 
inner  case,  thereby  silently  regulating  the  (juantity  of  gas 
passing  at  all  times. 


It  is  claimed  for  these  burners  that  thoy  maintain  a 
unifcirni  consumption  of  gas  under  all  pressures  from  four- 
tenths    up   to   thirty-five   tenths  of  an    inch  ;  ami,  conse- 
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quently,  that  the  gas    is  cousumei]  at  the  pressure  most 
suitable  for  each  paiticular  burner  lip. 

Messrs.  Svffg's  Fhit-Jlame  Gorcrvor  Burmr,  fitted  wilh 
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steatite  float,  in  stronw  brass  case,  and  tablo-top  burner,  is 
shown  in  Fig.  90.  The  latest  form  of  Sugg's  patent  steatite- 
float  governor  burner  is  the  "cone-top"  (Fig.  91),  suitable 


for  wareliouso,  wnrkMliop.  or  private  dwell 
tions  of  S  to  (i  cubic  feet  per  hour.  F 
"  Westminater,"  with  brass  arms  for  carry 


Fig.  B1. 

ng.  for  cORSuiiip- 
;.  92  shows  the 
ng  a  globe. 


Flu/-J!(cnie  Jiiu-Ticra  in  Lantems. — As  the  object  of  these 
combinations  of  burners  and  lanterns  is  to  throw  the  light 
downwartls  and  outwards,  they  must  be  tested  not  only  in 
the  horizontal  dii'ection,  but  at  different  angles  between^the 
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horizontal  ami  the  vertical  below.  It  will,  of  course,  be 
understood  that  the  "  iluty"  expresses  not  merely  the  direct 
light  euiitted  from  the  burners,  Lut  also  that  thrown  in  the 
same  direction  by  the  aid  of  the  reflectors  in  the  lantern. 
Iq  the  case  of  several  lamps  the  author  has  examined,  such 
as  the  "  Newington  "  and  "  Lambeth  "  lamps,  a  duty  of 
5"-i  candles  was  obtained.  These  lantern.s,  however,  do  not 
emit  rays  at  a  higher  angle  than  about  5  deg.  above  the 
horizontal,  whereas  other  lamps,  such  as  the  "  Camberwell " 
and  "  Balham,"  emit  rays  of  light  at  20  deg.  and  27  deg. 


above  the  horizontal,  but  with  a  coirespondingly  decreased 
"duty."  This  constitutes  an  essential  ditTerence  in  regard 
to  their  use  for  street  lighting,  the  former  type  being  more 
adapted  to  affording  a  brighter  illumination  in  open  spacea 
where  a  specially  good  light  is  required,  whilst  the  latter 
are  more  suitable  for  general  street  lighting  of  the  ordinary 
type. 

Grouped  Flat-fiamt  Bm-ncts  vjilhout  LanteniB. — Messrs. 
Sugg  and  Co.'s  fivc-ilame  combination  burner  Is  shown  in 
Fig.  93,  and  the  same  firm's  "  Billingsgate "  combi- 
nation  burner   in   Fig.  0-1,      These    are    groups    of    flat- 
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flauio  burnera,  having  from  two  liurners  to  five 
more  as  requireil  By  tlie  Iicat  ratliated  from  such 
larjje  inassea  of  flame  the  principle  of  ■'  regeneration  "  is,  to 
a  slight  extent,  brought  into  play,  with  the  result  that  a 
duty  of  3  ■  8  candles  per  foot  may  be  readily  obtained  in  the 
horizontal  direction  without  the  aid  of  reflectors.  The 
advantage  of  this  form  of  burner  is  that  it  avoids  the  con- 
stant attention  required   by    tlnv    Ar;;;iiid    or   titlier   more 


stoat  it*  Float 


complicated  make  of  burner,  and  tlierefore  costs  less  for 
attendance. 

For  general  use  in  workshops,  &c.,  grouped  flat-flatne 
burners,  fitted  with  a  simple  form  of  reflector,  are  perhaps 
as  economical  in  first  cost  and  upkeep  as  can  be  desired. 

Argand  Burners  (Figs.  1)5  and  iJG). — Where  tho 
necessary  attention  can  be  given  in  order  to  keep 
the  chimneys  clean,  this  foiiii  of  burner  has  still 
many  advocates.  The  greatly  improved  forms  now 
give  comparatively  very  high  duties,  ranging  from 
3    0    to   4    2   candles    per  cubic   foot    of   gas    consumed. 


212  Miilti^e  Argand  Barn 

Various  proposals  have  been  made  from  time  to  time  to 
inipi'ove  the  light  of  the  Ltirner  by  fixing  a  central  plat« 
over  tlie  steatite  for  the  puipose  of  deflecting  the  flame,  ao 
as  to  give  it  the  form  of  a  cup  ;  one  such  burner  examined 
was  found  to  give  a  duty  of  4 '  4  candles  per  foot.  Un- 
fortunately this  high  duty  is  speedily  diminished  by  a 
deposit  or  "  bloom  "  on  the  sides  of  the  glass  chimney,  and 
thus  the  initial  advantage  is  soon  lost,  and  if  the  glass  is 
not  very  freijuently  cleaned  a  very  poor  result  is  obtained. 
This  deposit  on  the  chimneys  is  the  one  di-awhack  to  all 
forms  of  buiTiers  involving  their  use. 

Numerous  attempts  have  been  made  to  increase  the 
efficiency  of  Argand  gaa  burnei-s  by  forming  them  of  two 
or  more  coucenti'ic  rings  of  bumera,  so  as  to  yield  a  series 
of  Argand  flames  within  one  another.  In  this  manner  the 
late  Sir  James  Douglas  employed  no  less  than  six  rings  of 
ilamo ;  the  gaa  supply  to  each  being  independent  of  the  rest. 
The  following  are  the  avei-age  results  of  the  tests  ma'le  by 
the  author  and  Professor  William  Foster  with  these : — 

ConoQioptlon  llloroi- 

BufDcr.                            ofgu,  cubio  feet  nstjng  Duly. 

per  hour.  power. 

Douglas's  Hix-rioged  Argand 91 '4     ...  436-3  ...     4- 71 

Dougltis'a  three-ringed  Argand     ...     ■2\-&    ...  H5-1  ...    393 

Sugg  &ad  Co.'s  four-ringed  Argand    94'8    ...  41)1-3  ...    4-TT 

Bngg  and  Co.'b  two-ringed  Argand    2a5    ...  1309  ...     425 

"  Regenerative  "  Buruers. — ^Although  it  la  largely  due  to 
Mr.  Frederick  Siemens  that  we  owe  the  introduction  of  the 
great  improvcuients  in  gaa  burners  by  the  system  of  heating 
l)oth  the  air  and  gas  supply  on  their  passage  to  the  point  of 
ignition,  yet  we  are  indebted  to  Faraday  for  the  experi- 
mental domonstratione  of  the  economical  lesulta  aiising 
from  the  heating  of  the  air  supply  by  the  "  waste  heat "  of 
the  burner.  An  Argand  burner,  fitti-d  with  a  double 
chimney  as  pinposed  by  Faraday,  was  exhibited  at  the 
Crystal  Palace  Exhibition  by  Messrs.  Henry  Greene  and 
Son,   and  was  tested  by  the   author  in  conjunction  with 
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Profe.ssor  Foster,  with  the  result  that  it  was  fouud  to  give 
a  mean  duty  of  3  03  candles  per  cubic  foot  of  gas,  the 
absolute  consumption  toeing  remarkably  low — 3  ■  78  cubic 
feet  of  gas  per  hour. 

The  original  burners  constructed  on  Mr.  Siemens* principle 
wei-e  a  great  advance  upon  anything  previously  known, 
giving  duties  of  +1  to  5  ■  2  candles  per  foot  without  the 
aid  of  reflectors,  The  improvement  made  by  Mr.  Grimston 
gave  still  higher  results,  \iz.,  8  ■  6  candles  per  cubic  foot  of 
gas  consumed,  when  the  light  was  tested  in  the  most 
favourable  position,  viz.,  witli  the  burner  directly  overhead, 
and  assisted  by  a  suitable  reflector.  A  smaller  burner,  con- 
structed by  Mr.  F.  0.  Clark,  gave  G  ■  9  candles  per  cubic  foot 
under  the  most  favourable  circumstances, 

Irapi-ovenienti  were  effected  from  time  to  time  by 
Wenhani,  Sugg,  and  others,  until  Mr.  Sugg  produced  a 
burner  which  gave  about  11 '0  candles  per  cubic  foot 
of  gas,  without  the  aid  of  reflectors.  This  seemed 
to  be  the  climax  in  the  way  of  intensity  obtainable  by 
direct  combustion  of  ordinary  IG-candle  coal  gas.  Unfortu- 
nately, the  initial  expense,  and  the  attention  required  by 
this  typo  of  buiTier,  seems  to  have  too  lieavily  liandicapped 
it  in  tlie  race  against  the  modem  developments  of  the 
incandescent  mantle  type. 

Te3t8  of  Bui'nera. — The  following  are  observations  by 
Mr.  Fairley,  of  Leeds,  on  a  series  of  experiments  on  various 
burners  with  gas  having  an  illuminating  power  of  17  "5 
candles  when  tested  by  tlie  15-hoIe  Argand  burner,  equal 
to  about  lO-candle  gas  when  used  in  the  London  Argand 
24-hole  burner: — 

The  burners  teated  are  of  four  kloda,  each  nilli  taodiGcatians  bj 
different  makers.  Tbo  "  union  jet "  or  "  iieb  tail ;"  Ihe  "  batswing  ;  " 
the  '■  slit  union  "  or  "  flat  flame  ;  "  and  tbe  "  Argand."  These  are  each 
made  with  or  without  &  cbeck  at  the  bottom  of  the  burner  to  diminish 
the  presHure,  or  with  or  without  a  6mall  governor  attached  to  each 
burner  to  keep  Uie  consumption  constant. 

The  Siemens  regenerative  burner  is  somewhat  different  from  any  of 
these,  but  is  a  modified  Argand  with  fittings  for  heating  the  gas  and 
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Bir  by  the  waste  beat  of  the  flame.  This  principle  was  first  applieil, 
many  jearB  ago,  by  Leslie,  and  by  Faraday,  and  givcH  an  incwaee  of 
trom  30  to  60  per  cent,  in  tbe  ligbt  obtained, 

As  a  rule,  burners  with  govcrnora  are  preferable  to  burners  without 
them,  even  where  a  governor  is  attached  to  the  meter.    Anjf  burner 

Table   XXXIX. 
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with  too  little  gB3  is  flickering  and  unsteady,  and  often  Bmoky,  uid 
with  too  much  gaa  it  is  also  wasteful  and  generally  smoky.  Each 
burner  has  a  particular  pressure  at  tvhich  it  gives  its  best  results. 

The  burners  most  sensitive  to  variations  of  pressure  are  tbe  union 
jeta  and  the  Argands.    These  are  much  improved  by  a  check  or 
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governor  attached  to  the  burner.  Where  a  very  atead;  uniform  local- 
ieed  light  IB  desired,  and  a  burner  not  verj  EeiiBitive  lo  fhe  (flectB  of 
duBt,  the  union  jet  tnay  be  employed,  but  it  givcB  lefs  light  for  the  gas 
consumed  than  the  other  burners,  especially  with  the  amaller  sizes. 

The  alit  burners  arc  more  sensitive  to  dust,  but  the  proportion  of 
light  obtained  per  foot  of  gas  equals  or  Eurpasses  in  some  iostanceB 
that  obtained  from  the  Argands. 

The  Argands  require  more  care  and  attention  than  any  other  form. 
Unless  reflectorE  arc  used,  the  tight  is  given  ofT chiefly  in  the  horizontal 
plane  of  the  flame,  so  that  it  is  much  darker  above  or  below  the  burner. 
The  chimney  glasseE  require  daily  cleaning. 

An  Argand  is  more  smoky  than  any  other  butDcr  if  too  much  gas 
is  Bupplied  to  it,  and  gives  exceedingly  little  light  when  the  supply  is 
too  small. 

Some  makers  send  out  duplex  burners  (two  small  burnere  mounted 
so  that  the  flanies  coalesce).  These  burners  are  smoky  at  lotr 
presBurcE.  giving  a  flame  ot  the  same  character  as  that  from  a  large- 
iized  ordinary  burner  with  too  small  a  supply  of  gas.  At  higher 
pressures,  15in.  and  upwards,  tliey  give  belter  results,  but  not 
superior  or  often  bo  good  as  those  obtained  from  the  beat  single 
burners. 

None  of  the  batewing  burners  are  euitable  for  globes,  while  the 
union  jets  and  slit  unions  or  flat  flames  are  suitable.  No  globes 
ahould  have  an  opeoing,  at  the  bottom,  of  leas  than  3in.,  othcrwiHe  a 
great  part  of  the  light  is  lost.  Mica  or  porcelain  tops  placed  over  the 
globes  help  to  increase  the  light,  and  to  diminish  the  production  of 

Albo-Carbon  System. — From  time  to  time  various 
methods  have  been  suggested  and  tried  for  enriching 
the  gas,  either  at  or  immediately  before  the  burner.  None 
of  these  methods  seem  to  have  had  much  success  until 
the  Albo-Carbon  Company  introduced  their  process  of 
enriching  the  coal  gas  by  means  of  naphthalene  stored  in  a 
solid  condition  in  a  vessel  so  situated  that  it  is  heated  by 
the  gas  flame,  the  naphthalene  thus  volatilised  being  carried 
ibrward  by  the  gas  to  the  burner.  The  system  had  a  great 
advantage  in  that  it  gave  an  exceedingly  bright  and  agree- 
able light.  The  naphthalene  used  is  a  byo-prodiict  of  the 
gas  manufacture,  being,  indeed,  the  substance  which  all  gaa 
engineers  endeavour  to  retain  in  tho  gas  to  the  greatest 
extt'nt  possible,  but  which  immediately  begins  to  crystallise 
out  of  tho  ga-f  in  cold  weather,  and  forms  dcpanitB,  thus  not 
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odIj  depreciating  the  value  of  the  illuminating  power  of 
the  gas,  but  choking  the  supply  pipes.  This  substance  has 
the  chemical  composition  Cm  H»,  melts  at  iTi^"  Fah.,  and 
boila  at  420°  Fah.  The  effect  of  its  use  for  increasing  the 
light  afforded  by  ordinary  coal  gas  will  be  seen  by  the 
following  table : — 

Tablb  XL. 
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The  mean  of  the  figures  in  the  sixth  column  shows  a 
"duty"  of  the  naphthalene  equal  to  12i  grains  per  candle 
per  hour.  Special  experiments  showed  that  although  the 
apparatus  soon  began  to  afford  a  good  light  after  being  lit, 
yet  an  interval  of  fifty  minutes  elapsed  before  the  effect  of 
the  naphthalene  was  at  its  maximum. 
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CHAPTER  Xir. 


IKCASDESCENT   GAS   LIGHTING. 


The  title  of  this  chapter  is  used  to  denote  those  burners 
wliich  are  employed  for  heating  solid  substances  to  a  high 
temperature  (incandescence)  by  means  of  a  mixture  of 
combustible  gas  and  air,  the  mixture  being  in  such  propor- 
tions that  the  gas  itself  does  not  directly  contribute  to  the 
lighting  effects  obtained.' 

The  immediate  forerunners  of  the  now  widely-known 
Welsbaeh  system  were  the  burners  of  M.  Claniond  and  of 
Mr.  Lewis.  Each  of  these  gentlemen  arrived  at  similar 
results  by  slightly  different  methods,  since  the  apparatus  of 
each  was  essentially  a  blow -pipe,  with  an  air  supply  main-  i 
tained  by  special  mechanical  arrangements. 

The  Clamoml  burner  was  inverted,  the  gas  and  air  pass- 
ing downwards  through  a  box-like  arrangement  made  of 
metal.  From  the  lower  surface  was  suspended  a  conical 
basket,  the  walls  of  which  were  composed  of  twisted 
threads  of  calcined  magnesia  (magnesium  oxide).  A  cage, 
composed  of  a  few  thin  platinum  wires,  supported  the 
basket.  Its  size  was  2Jin.  long,  the  section  of  the  cone  at 
the  lja.se  being  iin.  in  diameter. 

The  ba-skets  were  made  from  a  mixture  of  the  hydrate 
and  acetate  of  magnesia,  brought  into  a  condition  of  paste 
or  cream  by  means  of  water.  After  they  were  made  from 
this  material  on  a  suitable  mould,  they  were  dried  and  fired. 
The  acetate  and  hydi-ate  losing  certain  of  their  constituents, 
became    converted   to  a  condition   of  oxide.     They   were 
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necessarily  extremely  fi'agile.  The  air  supply  was  artifici- 
ally maintainci.l  at  a  pressure  of  about  Gin.  of  water. 

The  Lewis  burner  waa  iji  the  form  of  a  rectangular 
cylinder  made  of  tine  platinum  wire,  fixed  on  the  extremity 
of  an  open  pipe.  The  mixture  of  gas  and  air  was  burnt 
mthin  this  platinum  cylinder,  causing  the  incandescence  of 
the  metal.  The  air  supply  to  the  burner  was  under  a 
pressure  of  14in.  of  water.  Advantage  was  taken  of  this 
high  pressure,  and  consef^uent  great  velocity  of  the  air 
issuing  from  the  nozzle  of  the  burner,  whereby  a  further 
supply  of  air  was  drawn  "'  by  induction  "  from  the  external 
air  through  the  lateral  open  pipes. 

The  details  of  the  various  tests,  and  the  quantity  of 
gas  and  air  used  in  each  case,  are  shown  in  the  following 
table  :— 

flajj  from  Bararr,  2Ieri:aiital, 


Ciimond 

Le«I« 

(kTenge). 

(tnm,). 

Air  used  in  cubic  leet    

41-6     ... 

...     48-1 

GftB  used  in  cubic  feet 

7-7     ... 

...     13-4 

Illuminating  power        

33-7     ... 

...    62-7 

Doty  per  cubic  foot  ot  gas  ...     . 

4-2fl  ... 

...      4-63 

Wehbach's  St/atem. — While  the  above  systems  indicated 
the  direction  of  the  path  of  progress,  they  yet  failed  to 
realise  the  full  advantage  now  known  to  be  attainable,  and 
it  was  reserved  for  Dr.  Auer  von  Welsbach  to  introduce  the 
sj'stem  now  so  well  known  by  his  name. 

The  first  public  exhibition  of  Dr.  von  Welsbach's  system 
of  incandescent  ga.s  light  was  made  in  Ijondon  in  Februarj', 
1887.  At  that  time  there  were  many  fears  expressed  as  to 
the  possibility  of  the  new  system  being  successfully  placed 
on  the  market  on  a  commercial  ba-sis  and  for  a  short  time 
the  company  had  a  hard  struggle  to  overcome  the  difficulties 
which  are  always  met  with  by  those  who  introduce  oiiginal 
work. 

These,  however,  were  soon  surmounted,  and  the  public  are 
indebted  to  their  untiring  exertiooa  for  the  benefits  coDferT«<i 
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by  such  an  enormous  striile   in  artificinl  illiiinination  liy 
means  of  gas. 

The  historical  character  of  tliis  new  ilepaTture  wananta   I 
rathtr  more  detailed  description  than  has  been  given  in  the  I 
present  chaplcr  to  the  variouH  methods  of  obtaining  light 
from  gas. 

The  essential  feature  is  the  "  Mantle,"  which  is  ■woven  of 
Sea  Island  and  Egyptian  cotton,  well  washed  to  remo\e 
earthy  matter  and  greaf-e.  The  mantle  is  at  fii'st  a  network 
of  cylindrical  shajie,  ahnost  twice  the  size  of  the  finished 
article.  It  is  then  immersed  in  a  solution  of  the  nitrates 
of  thorium  and  ceriuni  in  the  proportion  of  09  per  cent. 
of  thorium  oxide  and  1  jrer  cent,  of  cerium  oxide, 
which  gives  to  it  its  luminous  value,  the  solution 
containing  about  14  per  cent,  of  these  salts.  The  excess  of 
solution  is  then  removed  from  the  cotton  by  passing  the 
latter  through  small  wringing  rollers,  the  pressure  of  which 
is  so  regulated  as  to  leave  a  definite  determined  quantity  of 
the  solution  in  the  fibres.  The  mantle  is  now  dried  on  a 
mould  in  a  Lot-air  chamber.  When  dry  the  mantles  are 
stretched  out  to  uniform  shape  by  hand,  and  then  carried 
to  the  fixing-toom,  where  the  top  of  the  impregnated  mantle 
is  fixed  with  a  solution  containing  another  graup  of  rare 
earths,  viz.,  lanthanum,  zirconium,  and  traces  of  magnesia, 
the  object  being  to  ensure  the  shrinkage  of  that  end  of  the 
mantle  on  tlie  asbestos  thread  with  which  it  is  sultsequently 
se^vn,to  form  the  thickened  and  supporting  end  of  tlie  mantle. 
When  dried,  the  mantle  is  sewn  and  trimmed,  and  then 
haTided  to  the  "  burners,"  whose  duty  it  is  to  first  shape  the  j 
mantle  on  a  wooden  mould,  and  then  to  bum  off  the  cotton 
hy  means  of  a  Bunsen  burner  flame,  thus  leaving  a  skeleton 
of  the  cotton  thread  composed  of  the  oxides  of  thorium  and 
cerium.  This  "  skeleton "  is  then  heat<>d  from  the  top 
downwards  over  a  high -press  uie  Bunsen  burner  for  three 
minutes,  during  which  process  it  gradually  shrinks  to 
almost  half  its  original  size,  and  is  caused  to  take  the 
re<^uired  shape.     The  mantle  is  now  finished  and  i-eady  for 
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use;  but,  as  it  is  too  brittle  for  transit,  it  has  to  be  stiffened. 
This  is  done  by  dipping  it  into  a  solution  of  collodion  and 
camphor,  after  which  it  is  dried  by  hot  air,  and  thence 
passed  to  the  packers  and  trimmers. 

The  extent  to  which  this  industry  has  developed  may  be 
indicated  by  the  fact  that  at  the  Palmer  Street  Works  of  the 
Welsbach  Company  over  40,000  mantles  are  manufactured 
daily,  no  less  than  GOO  girls  being  employed. 

In  an  interesting  account  of  the  Welsbach  system  read 
by  the  chemist  of  the  company,  Mr.  W.  Mackean,  F.C.S., 
before  the  Society  of  Chemical  Industry,  in  1891,  it  is  shown 
(Table  XLI.)  that  by  altering  the  nature  and  composition  of 
the  fluid  employed  for  impregnating  the  mantles,  the  light 
obtained  can  be  varied  from  an  intense  white  light  to  a 
golden  yellow  or  gi'eenish  colour,  which  differ  to  a  certain 
extent  in  their  diffusive  power,  the  following  mixtures 
giving  the  lights  referred  to : — 


Table  XLI.— White  Light. 

I. 

Pdr  cent. 

Zirconium  oxide 

•••         •«•         •••         •••         •••         ••• 

...     40 

Lanthanum   „ 

•••         •••         •••         •••         •••         ••• 

...     40 

Thorium        „ 

•••         •••         •••         •••         •••         ••• 

II. 

...     20 

Zirconium  oxide 

•••         •••         •••         •••         •••         ••• 

...     40 

lianthanum  „ 

•••         •••         •••         •••         •••         ••• 

...     60 

III. 

Yttrium  oxide 20 

jL  nonum    )i     ...     ...     •••     ...     •••     •••     •••     •••     ov 

These  may  be  considerably  altered  without  affecting  the 
colour  of  the  light. 

Table  XLll.—Yellow  Light. 

1. 

Per  cent. 

Lanthanum  oxide 40 

Xuonum  jy      ...     ...     ... .«•    ^o 

Zirconium       ,i      80 

^6*4  UUA  I,  ...        ...        ...        ..«       ...        ...       •••  4 
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ir. 

Percent 

Zirconium  oxide     47 

Lanthftnum  n        50 

^/vnuux  If  •••      •••      •••      •••      •••      •••      •••       o 

Orange  Light. 

I. 

Lanthanum  oxide 40 

Thorium          ,,  80 

^ircomum       }} 27 

Didymium       ,,  8 

II. 
Lanthanum  oxide 50 

A  UwHUui  1}        ••■      •••      ••■      •••      •••      ••■      •*•     4ev 

Niobium         n      10 

Qreen  Light. 

Thorium    oxide      50 

Lanthanum  „        20 

J^iF  Dium  ))  •••      •••      •••      •••      •••      •••      •••      oU 

According  to  Mr.  MacKean,  any  other  oxides  may  be 
employed  in  the  compositions,  but  the  presence  of  some* 
such  as  alumina  and  magnesia,  are  very  detrimental  to  the 
duration  of  the  illuminating  power. 

The  mantle  is  used  by  suspending  it  over  a  Bunsen 
burner  in  which  the  air  and  gas  are  mixed  before  amving 
at  the  point  of  ignition,  so  that  there  is  a  complete  absence 
of  the  ordinary  white  flame,  in  place  of  which  the  metallic 
oxides  of  which  the  mantle  is  composed  become  heated 
to  incandescence,  and  yield  the  brilliant  light  now  so  well 
known. 

At  the  time  of  the  introduction  of  the  Welsbach  system 
in  1887.  the  company  obtained  a  duty  from  ordinary  liJ- 
candle  gas  of  about  10  candles.  Their  1893  burner  in- 
creased this  to  about  17  candles,  whilst  the  latest  form — 
the  1898  pattern — is  claimed  to  yield  a  duty  of  no  less  than 
27  candles  of  light  per  cubic  foot  of  gas  consumed,  and  this 
^ven  with  such  a  low  consumption,  in  th^  cas^  of  th^ir 
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smallest-sizHl  burner,  of  no  more  than  J  ciiMc  foot  per  hour, 
Tliia  ia  tru!y  a  marvellous  development,  ami  when  con- 
sidered in  relation  to  the  1ieat  results  obtaiiiablo  at  the 
time  of  the  Crystal  Palace  Exhibition  of  1SS2-83  shows  the 
wonderful  advance  which  han  been  made  tiince  then,  an 
advance  which  promises  tu  be  paralleled  in  the  case  of  the 
incandescent  electric  light ;  as,  by  the  applic&tioii  of  the 
Rame  principles,  viz.,  the  incandescence 
of  these  rare  metals  and  metallic 
oxides,  there  is  every  leason  to  antici- 
pate some  early  pronouncement  of  an 
equally  startling  character. 

Wehback  C  Bumev  (Fig.  97).— 
The  introduction  of  the  improved 
Welsbach  mantle  in  18M,  and  this 
burner,  placed  gas  in  a  position  on- 
approachable  by  its  competitors  as  a 
cheap  illuminant  for  both  indoor  and 
outrloor  lighting.  This  burner  is  now 
so  well  known  that  any  detailed 
description  of  it  would  1m?  superfluous 
but  it  might  ha  mentioned  that  the 
us.sential  parts  of  the  buiner  consL'^t 
of  the  gallery  iir  uppi-r  part,  which 
carries  the  mantle,  rod,  and  chimney  ; 
the  Bunscu  tube ;  and  the  nipple  with 
five  holes  for  the  gas  inlet.  Some 
millions  of  these  burners  are  now  in 
use,  and  until  the  introduction  of  the 
Kern  burner,  described  below,  this 
was  undoubtedly  the  most  economical 
and  effective  means  of  public  lighting.  The  burner  gives  an 
average  of  CO  candles  with  a  gas  consumption  of  3A  cubic 
feet  per  liour.  In  1897  close  on  2000  of  these  burnei-s  were 
already  installed  in  the  streets  of  Liverpool  for  public  lighting, 
and  now  the  number  has  been  increased  to  over  10,000,  and 
Liverpool  can  truly  claim  to  be  one  of  the  best  lighted 
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cities  ill  Europe.  Cluster  lamps  of  four  burners  are  used  1 
at  important  junctions,  and  in  the  main  streets  double  I 
bumei-s.  In  Liverpool,  electricity  is  suppliefl  by  the  Cor- 
poration's own  works  at  2d.  per  unit  for  public  lighting ; 
but  notwithstanding  this  low  charge,  it  is  still  found  that 
the  streets  can  be  lighted  more  effectively  and  economically 
by  the  use  of  Welsbach  burners  and  gas  at  2s.  fid.  per  1000. 
Mr,  C  R.  Bellamy,  Lighting  Engineer  to  the  Corporation, 
has  given  the  following  table  of  comparison  of  costs,  taking 
the  Liverpool  charges  for  gas  and  electricity,  and  assuming 
lamps  to  be  50  yards  apart ; — ■ 


By  electricity    546    6    9 

By  double  Welsbach  burnera 127    0    0 

By  single  Welabach  burners B9  10    0 

Kamsgate,  Ipswich,  and  Winchester  are  other  towns 
which  were  early  in  availing  theni-selves  of  the  advantages 
of  the  Welsbach  .system  for  public  lighting. 

Wehback  Kern  Burner  (Fig.  9S).— The  introduction  of 
the  WfLsbaeh  Kern  biimer  in  IStiS  greatly  strengthened  tlie 
piisition  of  the  Welsbach  Company  and  the  gas  companies 
throughout  the  country  in  their  public  lighting.  As  com- 
pai-ed  with  the  C  burner,  the  Kern  has  the  following 
advantages : — 

(1}  A  lighting  efficiency  of  25  to  30  candles  per  cubic 
foot  of  gas,  compared  with  16  to  18  candles  from  the  C 
burner. 

(2)  The  burner  can  be  supplied  in  a  variety  of  sizes,  but 
in  wbatevei'  size  a  lighting  efficiency  of  2o  to  30  candles 
per  foot  of  ga.s  remains  constant, 

(3)  The  consumption  of  more  gas  results  in  more  light, 
and  not  a  diminution  l>eyond  a  certain  point,  as  is  the  case 
with  the  C  burner. 

(4)  No  chimney  being  necessary,  a  fruitful  source  of 
destruction  of  mantles  is  obviated. 

The  Kern  burner  is  the  invention  of  Ottmar  Kern,  and  'm 
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patL-nti'tl  in  thia  country  under  No.  2'Ji,  l«i)7,  &c.  Tho 
specification  states  that  the  object  (if  Uki  invontion  is  "  to 
prwluce  a  hnrner  that  shall  raise  the  refractory  mantle  or 
hooJ  to  a  higher  degree  of  incandescence  than  has  hitherto 
been  accomplished  irith  the  yrame  amount  of  illuminating  gas, 
and  at  the  ordinary  pressures  at  which  gas  is  usually  sup- 
plied, and  this  without  the  use  of  any  artificial  draught, 
such  as  is  oi'dlnaiily  produced  by 
glass  chimneys  and  sometimes  hy 
mechanical  blowers."  This  high 
incandescence  is  obtained  "  by  con- 
structing a  burner  in  which  the 
admission  of  air  to  the  gas  is  so 
adjusted  that,  in  the  mixture  ob- 
tained, the  amounts  of  oxygen  and 
hydrocarlwn  gas  are,  practically,  in 
the  proportion  of  the  chemical 
equivalents  of  these  two  gases; 
thereby  the  mixture  becomes  self- 
burning. — that  is  to  say,  it  will  burn 
in  a  closed  chamlwr  from  which  the 
external  air  is  excluded,  Thi.s 
self-burning  misturo  i.i,  by  my 
improved  burner,  caused  to  issue 
from  the  burner  tip  Onder  greater 
pressm-c  than  with  an  ordinary 
Buasen  buraer  (of  the  jjas-distri- 
buting  system),  and  with  greater 
speed  than  that  with  which  the 
flame  can  pi-opagato  itself  through 
the  mixture;  whereby  the  llame  is  prevented  t"n 
backwartis,  and  is  thus  steadily  maintained  above  the  exit 
opening  of  the  burner  tip.  Within  the  flame  of  such  self- 
burning  mixture  there  is  a  zone  of  superior  incanilcscencc, 
which  zone  I  call  the  hyper-incandescent  zone,  which  is  veiy 
much  hotter  than  the  rest  of  the  flame.  My  burner  in  so 
arranged   that  the  refractory   filament,  or  mantle  of   fila- 
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ments,  is  exceeilinj^ly  close  to,  or  iinmeraoil  in,  this  liyper- 
incanrlesceiit  zone,  whereliy  the  filament,  or  mantle  of 
filamentH,  also  becomes  hyper-incamlescent,  and  thus 
furnishes,  with  the  same  consumption  of  gas,  a  more  intense, 
light,  or  the  same  amount  of  light  with  a  less  consumption 
of  gas."  This  ideal  mixture  is  obtained  by  constructing  a 
burner  on  the  following  linos; — The  Bunscn  tu\K  is  com- 
posed of  two  cones,  the  lower  cone  being  the  shorter  of  the 


two  (in  the  Kem  burner  as  manufactured  now  the  tul*  is 
a  hyperbolic  spindle),  and  this  arrangement  increases  the 
quantity  of  air  forced  through  the  pipe,  and  produces  "a 
more  thoi-our;1i  mixture  of  air  and  gas,  and  at  the  same  time 
delivers  the  mixture  at  a  much  liigher  pressure  than  tho 
ordinary  Bunsen  burner  does."  The  inventor  calls  the 
lower  cone  "the  mixing  cone,"  and  the  upper  cone  "the 
suction  cone."  The  head  of  the  burner  is  conical,  and  also 
consists  of  an  inner  pei-forateJ  cone  which  supports  at  the 
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top  a  toothcil  disc,  the  teotli  of  which  partially  close  tlic 
space  botween  the  two  cones,  and  thus  take  the  place  of 
the  wire  gauzo  in  an  owUnary  Biinson  type  hiiiner.     The 
inner  cone    assists  in   ruixing  the 
gas  and   air,  and   also  in   heating 
the  mixture  to  a  ci-rtain  tempera- 
ture before  aiTivinfj  at  the  point  of 
ignition. 

The  three  sizes  of  Kern  burners 
most  iiaed  for  public  hghting  are 
those  knowTi  as  the  Nos.  2,  3,  ami 
4,  which,  with  a  gas  consumption 
of  2J,  3,  and  i  cubic  feet,  give  50, 
75,  and  100  candle-power  respec- 
tively. In  South  London  alone 
between  fifteen  and  twenty  thou- 
sand of  these  burners  have  been 
fised  in  the  streets  during  the  last 
year  or  two  with  most  satisfactoiy 
results.  Owing  to  the  economy  in 
gas  which  is  able  to  be  effected  by 
the  H3e  of  this  burner.  Mr.  George 
Livesey,  of  the  Sonth  Metropolitan 
Gas  Company,  haa  been  able  to 
offer  fi-ee  of  cost  new  lamps  for 
old  to  the  districts  which  his  com- 
pany supplies. 

The  alleged  trouble  with  mantles 
has  sonietthies  been  a  point  brought 
Rg^nst  the  use  of  the  Welsljach 
system  for  public  lighting.  It  is 
no  doubt  tiiie  that  cire  must  bo 
tised  with  mantles,  but   this  has  „     fi»  loi. 

always      been      impressed      upon 

lighting  authorities;  and  for  the  best  results  to  be  obtained, 
it  is  oasentia!  that  there  should  Itc  an  intelligent  under- 
standing of  the   principle   of  the   system   in   making  an 
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installation,    and     that    a    suitable     lantern     should     be 
employe  tl. 

iVehhach  Kern  High-presaure  Burner. — Figs.  99  to  104 
show  the  Kern  burner  in  its  modified  form  for  high-pressiiro 
lighting.  A  special  point  about  this  burner  is  the  easy 
way  ill  which  the  top  can  1)C  removed,  without  in  any  way 
disturbing  the  mantle,  for  the  purposes  of  inspection  and 
cleaning.  The  outer  cone,  instead  of  being  screwed  on,  is 
fixed  by  means  of  a  three-clamp  fastening,  a-s  shown 
in  the   illustration  of   the  separate   parts   of   the   burner. 
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Con*.     Fit.  t03.-Buni*n  Tube.     Fig.  104.- 


This  method  of  fitting  has  the  advantage  that,  by  a  single 
turn  of  the  hand,  the  upper  part  of  thu  burnt-r,  with  mantle 
and  rod  complete,  can  be  lifted  away  from  the  Bunsen 
tube.  The  burner  works  at  from  Kin.  to  lOin.  water- 
pressure,  and  gives  from  30  to  35  candles  per  cubic  foot  of 
gas,  so  that  with  a  consumption  of  about  10  cubic  fetit  per 
hour  350  candle-power  is  obtained.  The  fact  that  these 
burners  can  be  used  either  singly  or  in  clusters,  is  a  very 
strong  point  in  their  favour  for  public  lighting,  compai'cd 
with  an  eleetiic  arc  lamp,  for  by  this  means  a  much  more 
even   distribution   of  light  can    be  obtained  than  from  a 
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single  poiat,  as  i.s  the  case  when  electricity  is  usihI.  These 
burners  were  useil  in  lighting  the  gi'ounds  of  the  Glasgow 
International  Exhihition. 

The  Wttshach  Sc/f- intensifying  Burner  (Fig.  105).— 
This,  the  latest  burner  brought  out  by  the  Welsbach 
Company,  is  the  invention  of  Messrs.  Brett  and 
Henneberger,  the  Company's  engineei-s,  and  marks  an 
important  advance  in  high  -  power  incande.scent  gM 
lighting,  which  should  prove  of  the  greatest  assistance  to 
gas  companies  in  competing  with  electricity.  Jt  has  an 
efficiency  of  between  I-.O  to  40  per  cent,  in  advance  of  the 
best  results  hitheito  obtained  at  low  pressure.  The  burnt*r 
is  designed  to  burn  about  10  cubic  feet  of  gas  per  hour  at 
ordinary  pressure,  and  to  give  a  light  of  300  candles.  This 
result  has  been  obtained  by  some  slight,  yet  important, 
modifications  of  the  Kern  burner,  and  by  the  addition  of  a 
metal  chimney,  which  enables  the  right  quantity  of  air 
to  be  drawn  in  to  effect  complete  combustion.  A  glass 
cylinder  about  +lin.  long  is  suspended  at  the  lower  end  cf 
the  metal  chimney  by  means  of  a  simple  bayonet  joint,  and 
suiTounils  and  protects  the  mantle.  In  the  case  of  the  self- 
intensifying  burner,  berause  it  works  from  ordinary  main 
pi'essure — say,  from  l.;-10ths  to  30-lOths — neither  com- 
pressing plant  nor  high-pressure  mains  are  necttssary,  and 
consequently  no  pulling  up  of  the  roads  is  involved  in  its 
installation. 

As  might  Ijo  expected,  the  success  of  the  Welsljach  sys- 
tem ha.'j  bi-ought  many  rivals  into  the  tield,  the  most 
prominent  of  which  is  the  Sunlight  Incandescent  Company, 
whose  fli-st  mantles  gave  a  light  of  &  so-called  "  golden  " 
colour.  These  two  companies  have  now  amalgamated,  the 
Sunlight  Company  being  under  licence  by  the  Welsbach 
Company.  The  "  Sunlight  Incandescent  Mantle  Company  " 
has  recently  introduced  a  modification  in  the  manufacture 
of  the  mantles  with  good  results, 

One  o£  the  most  important  developments  of  the  Welsbach 
system  is  the  use  of  the  gfl-s  at  a  high  pressure,  when  the 
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intensity  of  the  light  yielded  by  the  mantle  is  largely 
increased.  This  fact  has  been  utilised  by  the  Intensified  Gas 
Light  Company,  Limited,  who,  under  the  Somzde-Greyson 
patents,  are  introducing  their  high-pressure  system  of 
intensified  gas  lighting,  a  system  which  has  been  worked 
out  by  Mr.  Leon  Somzee  and  Mr.  Greyson  de  Schodt,  of 
Belgium. 

Practically  the  appliances  for  producing  high-power  gas 
light,  according  to  the  Somz^e-Greyson  system,  consist  of 
three  essential  parts,  viz.: — The  burner,  the  mantle,  and  the 
gas  compressor. 

The  burner  is  composed  of  a  gas  injector,  a'mixing  cham- 
ber, and  a  burner  top  and  mantle  holder  combined,  which 
are  so  arranged  that,  automatically,  the  exact  proportion  of 
air  is  drawn  in,  and  intimately  mixed  with  the  gas  flowing 
out  of  the  injector,  so  that  at  some  distance  from  the  top  of 
the  burner  a  flame  of  very  high  temperature  is  obtained, 
>vhich,  by  a  wire  gauze  that  never  gets  red-hot,  is  absolutely 
prevented  from  firing  back. 

As  the  (quantity  of  air  drawn  in  is  always  proportionate 
to  the  amount  of  gas  supplied  by  the  injector,  the  heat, 
and  therefore  the  light,  is  proportionate  to  the  varying  con- 
sumption. 

The  mantle  (Fig.  106),  which  is  manufactured  specially 
for  the  Intensified  Gas  Light  Company  by  the  Welsbach 
Incandescent  Company,  gives  an  intensely  brilliant  light, 
and  is  used  without  a  chimney.  This  allows  the  burners 
to  be  arranged  in  groups,  and  at  the  same  time  does  away 
with  an  important  cause  of  loss  of  light  and  breakage  of 
mantles. 

The  gas  compressor  is  a  small  apparatus  for  increasing 
the  pressure  of  the  gas.  It  is  placed  on  the  house  side  of 
the  meter  at  the  entrance  end  of  the  service  pipe,  and  is  of 
very  small  power  and  dimensions.  It  may  be  driven  by 
water  from  the  water  supply  pipe,  or  by  any  other  small 
mechanical  power  available.  The  pressure  of  gas  is  raised 
to  a  maximum  of  9in.  water  gauge,  so  that  the  existing  gas 
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the  company  claim,  to  at  the  utmost  one  penny  per  1000 
cubic  feet  of  gas  consumed. 

Table  XLIIL,  issued  by  the  patentees,  gives  a  comparison 
of  the  illuminating  power  and  cost  of  the  intensified 
system,  with  electric,  incandescent,  and  arc  lamps,  fishtail 
gas  burner,  Argand  burner,  regenerative  burner,  and 
Welsbach  incandescent  "  C  "  burner,  taking  gas  at  3l'.  per 
1000  cubic  feet :— 


Table  XLIIL 

Illuminating 

Consumption 

• 

Cost  per 

Description  of  light. 

power, 
standard 

per  hour 
in 

a 

1000  candles 
per  hour 

candles. 

cubic  feet. 

S 

m  pence. 

Electric  incandescent  light 

li) 

0  •  25d.    per 
hour. 

15-2 

Electric  arc  lamps  at  Od. 

per  unit 

3-0 

Fishtail  burner 

15 

5 

^  12-5 
-    to 

Argand  burner 

25 

8*8 

J  22  5 

Kegenerative  burner 

430 

81- 

31 

Welsbach    incandescent 

1 

**C"  burner    

1         50 

3-5 

0-8 

3*3 

Intensified 

275 

10- 

0-2 

1-5 

To  make  the  foregoing  comparison  still  clearer,  the 
makers  append  the  following  table,  showing  the  consump- 
tion for  a  year  of  IG  candle-power  gas,  giving  a  light  of 
4000  candles  by  the  intensified  system,  as  compared  with 
the  ordinary  fishtail  and  Welsbach  "  C  "  bumei-s  : — 


Consumption  in 

Cost,  taking 

No.  of  burners. 

System.                   lOOO's  of 

gas  at  3s.  per 

cubic  feet. 

1000  cubic  feet. 
£      s.    d. 

267     ...     . 

..     Fishtail      2436 

365     8    0 

80     ...     . 

..     Welsbach  "C"...         511 
burner 

76  13     0 

14i  ...     . 

..     Intensified        ...          265 

39  15    0 
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Messrs,  Siigg  and  Co,'s  System  of  High  and  Loiu-pressure 
Incandescent  Lighting  by  Gas, — (1)  This  system  depends  on 
the  raising  of  the  pressure  of  gas  as  it  is  supplied  in  the  street 
mains  from  about  2in.  to  lOin.  at  the  foot  of  the  governor  of 
the  burner  in  the  street  or  other  lamps.  The  pressure  increaser 
worked  by  water  power,  as  will  be  seen  by  Figs.  107  and 
108,  consists  of  a  hydraulic  ram  actuating  the  piston  of  a  gas 
pump,  which  alternately  sucks  in  and  expels  the  gas  under  a 
pressure  of  12in.  The  gas  under  this  pressure  passes  into  a 
cylinder  of  a  capacity  considerably  greater  than  the  capacity 
of  the  pump.  This  cylinder  neutralises  the  shock  of  the 
ram  when  the  stroke  changes  from  the  up  stroke  to  the 
down  stroke  and  vice  versd.  On  the  top  of  this  cylinder  is 
fixed  a  governor  consisting  of  a  strong  leathern  gasholder, 
which  has  a  stroke  of  about  -Sin.,  and  actuates  a  lever,  which 
opens  or  closes  the  valve  through  which  the  supply  of  water 
to  the  i*am  flows,  and  reduces  the  flow  of  the  water  when  it 
exceeds  lOin.  or  12in.,  the  pressure  at  which  the  gas  may  be 
required  to  be  raised,  according  to  circumstances.  The  gas- 
holder of  the  governor  is  lifted  by  the  pressure  of  the  gas  in 
the  cylinder,  which  passes  through  a  small  opening  between 
the  cylinder  of  the  gasholder  to  the  governor,  so  as  not  to 
cause  any  sudden  raising  or  falling  of  the  holder.  By  this 
means  nearly  a  constant  pressure  is  maintained,  and  from 
the  outlet  of  the  cylinder  the  gas  passes  to  a  governor 
sufticient  to  supply  the  number  of  lights  the  apparatus  is 
made  for,  and  maintain  the  pressure  constantly  without 
variation,  no  matter  whether  there  are  only  one  or  two 
lights  on,  or  the  full  number. 

(2)  Sugg's  Steam-pressure  Increaser  is  worked  by  steam 
at  a  pressure  of  from  15  lb.  to  20  lb.,  according  to  the 
number  of  lights  on  the  apparatus.  The  number  of  lights 
worked  by  an  apparatus  3ft.  9in.  long,  3ft.  3in. 
high,  and  2ft.  deep,  is  300,  each  consuming  10ft.  of  gas  per 
hour,  and  giving  a  light  of  more  than  300  candles,  so  that 
the  entire  volume  of  light  it  is  capable  of  giving  at  full 
speed    is  90,000  candles.      Of    course,  smaller   sizes    can 
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be  made.  Figs.  109  and  110  show  the  apparatus, 
which  is  composed  of  a  double -cylinder  steam  engine 
working  a  gas  pump.  The  speed  of  the  engine  is  controUed 
in  the  same  way  as  the  water  engine,  by  a  regulator,  whicli 
is  worked  by  the  pressure  ot  gas  coming  from  a  receiver 
.shown  under  the  bench,  which  serves  as  a  gasholder  or 
reservoir  of  gas  ;  and,  as  in  tlie  water  apparatus,  prevents 
the  shock  of  the  gas  wlicn  released  from  each  end  of  the 


cylinder  of  the  gas  pump  from  afl'ecting  the  lights,  whicli  i.s 
finally  controlled  by  a  governor  on  the  main  service,  or  at 
different  points  where  the  bumei-s  ai-c  in  use. 

Another  apparatus  i.s  made  by  the  same  firm,  which  w 
driven  by  a  band  from  the  shafting  of  the  machinery  in  a 
workshop  or  by  a  gas  engine,  and  which  will  supply  from 
hO  to  150  lights,  according  to  the  speed  of  the  shafting  and 
the  size  of  the  workshop  or  premises  which  it  is   to  light 
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From  the  pressure-increasing  apparatus  the  gas  pas-ses  into 
the  service  which  supplies  tlie  liurners  or  lamps. 

Hlt/h-pressure  l^treet  Lnmp. — Fig.  Ill  represents  one  of 
Messrs.  Sugg's  patent  "Victoria"  lamps,  with  one  10ft. 
burner  in  it.  giving  a  light  of  300  candles  nominal. 

Fig.  112  shows  one  of  Messrs.  Sugg's  patent  "  Lambeth  " 
lamps,  fitted  with  two  burners,  and  gi^'ing  a  liglit  of  COO 
candles  nominal. 


Fis.  n4.-ieii 


Fig.  113  ia  another  "Lambeth "  lamp,  constructed 
to  cany  a  cluster  of  three  of  their  burners,  and  giving  a 
light  of  1000  candle-power  nominal. 

Sugg's  patent  "Windsor"  lamp  is  shown  in  Fig.  114, 
and  is  the  latest  development  in  low-pressure  incan- 
descent lighting.  It  has  been  adopted  for  the  lighting  of 
the  Castle  and  the  Home  Park,  Windsor,  the  grounds  of 
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Buckingham  Palace,  and  by  H.M.  Commissioners  of 
Woods  and  Forests  for  lighting  Regent's  Park;  by  the 
Borough  of  Hampstead;  by  the  South  Metropolitan  Gas 
Company  for  public  lighting ;  and  a  number  of  towns  in 
the  provinces. 

The   ventilation   of  thLs  lamp  has  been  very  carefully 
studied,  and  in  consequence  of  the  improvements  effected,  it 


Fig.  115.— 16in.  South  London  Lamp 

enables  the  incandescent  burner  to  produce  a  much  higher 
result  per  cubic  foot  of  gas  consumed  in  the  lamp  than  the 
burner  docs  out  of  it,  and  the  mantles,  being  better  protected 
tvoin  draught  and  supplied  with  warm  air,  will  last  longer, 
it  is  claimed,  than  in  any  other  lamp. 

The  South  London  lamp.  Fig.  115,  is  a  lamp  designed 
especially     for     the     lighting     of     the     public     streets 
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and  roads  in  the  South  Metropolitan  Company's  ilistrift. 
There  is  a  special  arrangement  in  this  lamp,  which  is 
patentett  by  the  South  Metropolitan  Gas  Company,  l>j' 
which  the  olijectionahle  nh-striiction  of  tht-  liijlit  l>y  tlic-  Viarn 
of  the  lamp,  which  generally  cast  a  shadow  across  the  road, 
is  avoided  by  a  very  simple  arrangement  of  tlio  glass,  with 
the  effect  of  throwing  the  shadows  obliquely  on  to  tho 
footway,  thus  securing  nninterrupted  illumination  of  tho 
roattway. 

This  sj'stem  of  lighting  is  of  gi'eat  brilliancy,  \vhiteness, 
steadiness,  and  volume,  and  therefore  well  diffused.  In 
Whitehall  there  are  ten  1000-candle  "Westminster"  lamps, 
whilst  all  the  refuges  from  tlie  Church  of  St.  Mary-le- 
Strand  up  to  the  City  Boundary  are  lighted  witli  lOOO- 
candle  "Westminster"  lamps.  Ludgatc  Cireus  is  also 
lighted  with  six  1000-candle  "  Lanibetit  "  lamps  with  a  new 
kind  of  reflector.  Blackfriara  Bridge  approacli  is  lighted 
by  two  1000-candle  "  Lambeth"  lamps  of  the  same  pattern 
as  tho.se  used  at  Ludgato  Circu.s.  Tower  Bri.]ge,  South- 
wark  Bridge,  Blackfriars  Bridge  are  all  lighted  with  lanips 
with  one  10ft.  burner,  high-prcESure  gas,  which  gives  300 
candles  nominal  light.  The  high-pressure  lighting  has 
proved  a  great  success  in  this  country,  and  has  been  largely 
introduced  abroad,  it  being  particulai'ly  suitable  for  railways, 
docks,  shops,  Iiarbour  poi-ts,  gasworks. 

Fig.  116  illustrates  one  of  Messrs.  Sugg's  high-pressure 
incandescent  burners,  to  hum  10ft.  an  hour  and  give  a  light 
of  300  candles  nominal,  with  a  pressure  of  t)iin.,  under  tho 
inlet  of  the  burner.  By  increasing  the  pres.suro  under  the 
burner  to  14in.,  and  consequently  the  consumption  to 
12ift.,  the  illuminating  power  given  by  the  burner  is  400 
candles  nominal  instead  of  300.  It  is  remarkable  that  this 
extra  consumption  of  SJft.  per  hour  adds  to  the  light  given  by 
the  burner  as  much  as  40  candles  per  cubic  foot  of  gas 
consumed.  The  top  of  the  burner  upon  which  the  gas  is 
consumed,  and  the  nipple  at  the  bottom  of  the  burner 
which  regulates  tho  quantity  of  gas  supplied  to  the  burner, 
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are  made  in  steatite  ;  consequently  botli  are  unalterable  Iiy 
clamp  or  rust  or  the  heat  of  the  combustion  of  the  gas. 
Each  burner  is  also  provided  with  an  anti-vibrator  spring, 
whicli  prevents  vibration  of  traffic  from  breaking  the 
mantles.  The  burner  is  also  made  so  that  in  case  of  stop- 
page in  the  aer\'iee  pipe  or  the  lamp  by  napthalenc,  the  top 
part  of  tho  burner  and  the  mantle  can  be  lifted  fiff  and  put 
down  in  the  corner  of  the  lantern  whilst  the  service  is  being 


blown  out,  an'l  can  be  replaced  without  doing  any  damage 
to  the  mantle.  There  is  a  governor  for  this  burner,  to  be 
used  for  public  lighting  when  no  meter  is  iixed,  to 
regulate  the  quantity  of  gas  and  maintain  it  at  10ft.,  or 
other  quantity  contracted  for,  In  workshops  where  one 
pressure-increasing  engine  supplies  different  floors,  the  same 
pattern  governor  ls  used  to  keep  the  different  floors  at  a 
constant  consumption. 

The  smaller  Iturners  for  low-pi-essure  street  lighting  are 
illustrated  by  Fig.  117.    They  consume  Sift,  4ft.,  and  5ft. 
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per  hour,  giving  each  I'espectively,  the  first  50  candles,  the 
second  70  to  80  candles,  and  the  third  110  to  120  candles, 
according  to  the  quality  of  the  mantles. 

Messrs.  Sugg  and  Co.  lay  great  stress  upon  the  construc- 
tion of  the  burners,  which  are  cast  in  yellow  bronze,  no 
stamp  work  of  any  kind  being  used,  hence  the  perforations 
for  the  air  will  always  remain  free  and  open,  ensuring  the 
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Fig.  118. 


satisfactory  working  of  the  bunici-s  at  all  times,  and  prevent- 
ing the  rotting  of  the  brass  by  the  action  of  the  air  of 
towns  or  the  salt  of  the  sea. 

Messrs.  Sugg  and  Co.'s  adaptation  of  the  incandescent 
mantle  system  of  illumination  to  domestic  use  is  illustrated 
by  Fig.  118.  These  burners  are  arranged  to  take  the  well- 
known  "  Christiania"  globe.  No.  3  size  burner  affords  a 
light  equal  to  65  candles,  and  No.  4  equal  to  120  candles. 
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CHAPTER  XIII. 

SELF-INTESSIFYING  OAS   PIIESSURE. 
Liicas  Incandescent  Intensive  Gun  Lump. — Fjg,  119 


kIiows  tliL'  Lucas  piinciplc.  The  lamp  from  the  btwc  of  the 
luinicr  to  the  top  of  the  oxteiuling  chininey  is  a  continuous 
cylinder.     The  burner  is  "in.  in  length  and  the  air  chamber 


F 

H  is  about  IJiii.  in  r]iani<;t<.-r.     Tlie  ntantir,  uhich  is  fitted 

^M  over  the  top  of  the  burner,  is  about  liiiii.  in  length,  and  is 

^1  Rnip(?nd<?d  by  a  nickel  wire  ro-l.     The  ;^lobe  which  surrouml? 

^M  the  mantle  re.sts  on  a  suspended  ring  at  the  top  of  the 

^M  burner,  and  fits  in  a  flange  at  the  lower  end  of  the  extended 

^M  chininry. 
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turned  on  and  is  ignited  by  the 
L'lobe  Incomes  lieated,  and  lias  a 


As  soon  an  tliu 
by-pass,  the  air  in  the  ; 
tendency  to  rush  up  through  the  metal  chimney,  thus 
causing  an  induction  of  air  at  tlio  base  of  the  burniT,  wliicli, 
mixing  with  the  ga^  supply,  passes  through  the  liiantle,  so 
that  all  of  the  gas  and  all  the  air  introduced  at  the  base 
of  the  burner  is  forced  through  the  mantle. 

The  gas  consumption  is  stated  to  be  17^  cubic  feet.  The 
lamp  Is  ao  constructed  that  this  mtc  of  consump- 
tion, with  the  air  admittad  to  the  lamp,  gives  tho 
most  perfect  combustion.  In  cases  where  the  pressure  of 
the  gas  is  above  Hin.,  it  is  found  necessary  to  use  a 
regulator  in  oixler  to  restrict  the  flow  of  gas ;  and  where 
the  pressure  is  below  Uin.,  the  gas  is  regulated  to  tlie 
burner  by  the  apertui-es  of  the  nipple. 

Scolt  Snell  Hystan. — The  following  account  of  Mr.  C. 
Scott  Snell's  system  of  .self-intensifying  ga.s  pressure  is 
abstracted  from  the  "  Proceedings "  of  the  Incorporated 
Gas  Institute,  the  blocks  of  illustrations  being  inserted  by 
the  kind  peniiis.sion  of  the  Council : — 

The  necessity  for  means  of  attaining  pressure  in  the 
lamp  itself  was  recognised  soon  after  taking  up  the  study 
of  intcn-sified  gas  lighting.  The  compressor  system  involved 
a  plant  or  eijuipment,  and  therefore  caused  an  initial  outlay 
which  nece.ssarily  limited  its  sphere  o£  application.  Upon 
cuusidering  the  selection  of  a  force  available  to  operate  any 
intensifying  appliance,  waste  heat  was  cei-tainly  obvious, 
and  possessed  the  advantage  of  '  being  free  of  cost ; 
while  neither  drought  nor  frost  would  effect  its 
cfhcienoy. 

An  appliance  was  reqiili-ed  which  should  receive  gas  at 
normal  pressure  and  deliver  it  at  an  increased  pressure  of 
Sin.  of  water  or  more.  (1)  It  must  be  operated  by  waste 
heat.  (9)  It  must  require  no  lubrication.  (}i)  It  must  not 
have  a  dead  centre,  (i)  No  fly-wheel,  slide  valves,  con- 
necting-rods, packed  glands,  or  friction-producing  appliances 
must  be  included.     (7i)  It  must  bo  self-controlling.     (6)  Its 
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cost  UHwt  be  low.     (7)  It  must  be  simple  in  construction 
ami  ea-sily  adjusted. 

Ml*.  Scott  Snell  concluded  that  an  invention  using  heat 
as  a  motive  power  was  bound  to  include  a  displacer  move- 
ment, as  in  every  hot-air  engine ;  and  where  two  different 
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^ of   gas  were    necessarily   involved  (a  low   inlet 

pi-essui-c  and  a  high  outlet  pressui-e),  check  valves  were 
essential.  It  was  easy  to  see  that,  by  the  movements  of  a 
displacer  within  a  ves-sel  Iieated  at  one  end  and  cooled  at 
the  other,  gas  or  air  could  be  dmwn  in  at  one  check  valve 


and  ejected  at  the  other,  provided  some  practicable  agency 
coukl  be  found  to  operate  the  di:-placfi-. 

The  conditions  under  which  the  apparatus  operates  are  as 
fullows  : — The  ves-sel  is  charged  with  gas,  one-half  of  which 
(the  upper)  is  at  a  moderate  temperature — say  80'  Fab. 
— the  lower  half  being  perhaps  at  500   Kah, 
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Fig.  120  shows  a  displacer  chamber  vieweil  when  gas 
is  going  through,  but  no  heat  applied ;  the  displacer  move- 
ment therefore  prociucea  no  effect  on  the  gas.  Fig.  121 
showa  the  disploecr  at  niid-.stroke.  Figs.  122  and  123,  with 
the  notes  appeniled,  illustratL-  the  conditions  Avliich  follow 
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the  movement  after  lieat  is  applied.  Fig.  125  ilius- 
tnit€s  esfientiaJly  the  conditions  which  obtain  wlifln  a 
diaphragm  is  attached  to  the  displacer  rod  and  made 
responsive  to  the  variations  in  pressure  in  the  chfunbcr. 


With  the  constnictiun  whown  in  Fi^.  )2+  the  action 
may  be  readily  followed.  For  clearness,  let  it  be 
assumed  that  the  displacer  in  slightly,  yet  quickly, 
lifted.  It  fullo\v.s  that  a  quantity  of  cold  gas  is  added  to 
the  heated  section  and  caused  to  expand.     Such  expansion 
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stops  ihii  iuflow  fi'om  tlie  gaa  supply,  Ly  rL-aiioti  of  the  rise 
of  pressure  acting  od,  and  closing,  tlic  inlet  valvi' ;  it  also 
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aud  drives  more  cold  gas  down  to  the  hut  side.  This, 
therefore,  by  expaudiug,  causes  the  initial  lifting  power  to 
he  reinforced,  until  a  full  stroke  or  travel  is  attained.  As 
the  gaa,  after  passing  the  outlet  valve,  goes  to  the  pinhole 
in  the  nipple,  the  rate  of  discharge  to  the  atmosphere  is 
C'jniparati\'ely  limited,  and  pressure  therefore  incrca.ses 
rapidly  in  the  intervening  pipe  and  reservoir. 

At  tile  beginning  of   the    npii'ard    motion   of   the   dis- 
placor,  the  spring  to  which  it  is  attached  counterbalanceft 
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gravity,  but  towards  the  end  of  the  upward  .sti-oke  the 
spring  has  cca-sed  to  do  so  to  any  great  extent.  A  point  is 
therefore  reached  where  the  Ioas  of  assistance  from  the 
spring  allows  gravity  to  aiMicrt  itself  until  it  exactly  ei[ual3 
the  lifting  power  on  the  diaphragm.  Thin  would  mean 
stoppage  of  further  movement,  and  he  equivalent  to  a 
"  dead  centre  ; "'  but  the  momentum  of  the  displacer  coming 
into  play  causes  the  travel  to  extend  beyond  such  a  critical 
counterbalancing  position.     At  this   point  the    peculiarity 
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of  tlic  cliapliragiii  haa  to  he  considei-eiT.  It  was  in  a  posi- 
tion giving  maximum  lifting  area  at  half -stroke ;  but  its 
effect  Ijecomcs  rapidly  diminished  as  it  blows  out.  So  that, 
as  the  displacer  lifts,  not  only  is  the  coimterbalanciiif];  elVt'Cfc 
of  the  spring  becoming  more  feeble,  but  the  effective  area 
of  the  diaphragm  in  also  diminishing ;  hence  the  displacer, 
once  in  motion,  will  always  travel  beyond  tlie  point  of 
equilibrium  of  the  various  forces,  on  account  of  its  momen- 
tum. The  reaction,  when  the  momentum  is  exhaiusted,  is 
tliat  due  to  gravity  ;  and  the  displacer  will  naturally  tend 
to  fall  back  to  such  a  point  that  the  effective  area  of  the 
diapliragin,  multiplied  by  the  pressure  in  the  vessel,  would 
counterbalance  the  gravity  effect,  or  such  amount  as  the 
spring  in  that  particular  position  may  fail  to  sustain. 

This  point,  if  reached  in  practice,  would  mean,  as  it  were, 
a  "dead  centre  "  on  the  down  stroke.  But  such  a  trouble 
is  avoided,  because,  when  the  displacer  couunences  to  fall, 
it  also  begins  to  transfer  a  part  of  the  heated  gas  below  it 
to  the  cold  section  above  it,  thus  starting  condensation 
and  rapidly  reducing  pi-e,ssurc  until  a  partial  vacuum  is  net 
up,  which  increase.s  in  intensity  as  the  displacer  falls. 
Therefore,  not  only  has  the  upward  pressure  ou  the  dia- 
phragm been  destroyed,  but  a  positive  downward  atmo- 
spheric pressui'e,  tending  to  depress  the  displacer,  has  been 
substituted,  which  rapidly  drives  down  the  displacer  to  its 
utmost  limit.  In  being  so  depressed,  however,  the  displacer 
is  causing  abnormal  compression  of  the  aiiatajning  spring, 
until  its  luunientum  becomcji  absorbed  thereby,  'flie  dia- 
phragm at  the  .same  time,  1  ly  iit-.  motion  below  mid-stroke,  is 
lessening  in  effective  area,  and  therefore  in  depressing  power. 
Another  result  also  taking  place  at  the  same  time  is  that 
the  conditiou  of  partial  vacuum  set  up  by  the  depression  of 
the  difjplacer  is  causing  a  rapid  inBux  of  gas  through  the 
inlet  valve,  which  (juickly  overcomes  the  vacuum  and 
relieves  the  diaphragm  of  atmospheric  pressure. 

The  displacer  at  its  ultimate  downward  limit  is  there- 
fore subject  to  the  following  conditions: — There  is  no  down- 
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ward  force  on  tlic  diaphragm.  On  the  contrary,  the  inlinx 
of  gas,  at  the  pressure  of  the  gas  main,  is  tending  to  lift  it. 
Further,  the  spring,  being  abnormally  compressed,  is  also 
tondinj;  to  lift  the  displaccr  hack  to  mid-stroke,  All  forces 
have  therefore  become  reversed  in  direction,  and  a  lifting 
power  Ls  in  operation.  Upon  its  way  back  to  mid-stroke,  at 
which  the  displacer  would  nominally  cnaie  to  rest,  it  cau-scs 
a  transfer  of  cok!  ga.s  above  it  to  the  hot  section  below, 
and  therefore  the  diaphragm,  with  an  increasing  effective 
area  to  act  upon,  is  made  subject  to  upward  pressure,  and 
the  cycle  repeats  itself.  The  movement  is  therefoi-e  due  to 
a  sort  of  "  hunting  "  effect,  and  results  in  a  reciprocation  of 
the  displacer,  at  the  rate  of  120  cycles  (up  and  down  move- 
ments) per  minute. 

Such  an  apparatus  as  described  constitutes  a  recipro- 
cating engine  whicli  (1)  lias  no  piston,  yet  compresses 
the  contents  of  the  gas  chamber ;  (2)  has  no  slide  valve, 
yet  preserves  a  perfect  cycle ;  (3)  has  no  fly-wheel,  yet 
cannot  stop  on  a  dead  centre ;  and  (4)  has  no  jjoveraor, 
yet  accommodates  its  beat  to  the  demand  for  ga.s.  This 
last  advantage  is  of  very  considerable  importance ;  the  rate 
of  reciprocation  being,  in  fact,  according  to  the  size  of  the 
gas  nipple.  For  instance,  a  lamp  may  have  but  one  burner 
and  have  a  rate  of  120  cydos  per  minute;  but  if  three 
nipples  be  used,  as  for  cluster  woi'k,  the  lamp  will  operate 
with  greater  rapidity,  delivering  three  times  the  volume  of 
gas,  and,  of  course,  it  will  have  the  waste  heat  from  the 
three  burners  to  energise  it.  Here  it  is  interesting  to  note 
that  the  size  of  displacer,  GJin.  diameter  by  Jin.  stroke,  at 
present  in  use  for  one  burner  will  supply  three  burners  if 
needed. 

When  a  heavier  valve,  which  will  not  allow  gas  ai  the 
normal  pressure  of  the  mains  to  find  its  way  to  the  nipple 
by  pa-ssing  through  the  displacer  chamber,  is  used,  an 
appliance  called  a  "reverter  "  is  employed.  It  may,  in  brief, 
be  descriljed  as  an  automatic  bye-pass,  whereby  the  Bunsen 
bumer  is  heated  by  low-pressure  gas  until  the  intensifying 
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eonmicnces,  after  Aviiicli  the   liiiup   rtins  on   hii^li -pressure  ! 
alone.     The  eft'ect  of  hea^-y  valves  is  ns  follows : — When  I 
the  lamp  is  cold,  the  displacer  chamber  necessarily  contains  | 
fin  Initial  charge  of  either  gas  or  air  at  atmospheric  tem- 
poratiirc.     On   heat  Vieing  applieil  to  the  liottoin   of    the 
chainlicr,    the    expansion    caused    there hy    increases    the 
pressure   to   an   extent   iletcrmincd  by  the  iveight  of  the 
outlet  valve;  ami  it  is   this   pressure   transmitted  to  the 
iliaphragni   which,  of  course,  causes    the   ilisptaccr   io   be 
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^M  raised,  and  thuo   begin   tlii:    cycle   ol  movements  already 

^M  explained.     Valves,   if  allowed  to  get  dirty,  prevent  this 

^M  initial  pr&ssurc  being  achieved,  on  account  of  want  of  tight- 

^M  neas.     Such    neglect   does    not    prevent   the    lamp   being 

H  started,  an  will   be  expluine^l  later  on;    but  3clf-»tartiiig 

^M  becomes  spoiled. 

H  Referring    to    the    reverter    (Fig.    12G).    gas     at     low 

H  pressure  enters  at  A,  and,  the  float  being  dou'n,  finds  an  exit 

H  up  the  centre   hole  B  and    the  siile  hole  C.    From   the 
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latter,  it  issues  at  the  side  apertures  X  and  Y.  The  total 
gas  aperture  area  Eor  low  pressure  therefore  consists  of 
the  openings  X,  B,  and  Y;  and  while  B  is  a  standard 
aperture,  and  must  not  bo  touched,  X  and    Y  may  bo 
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opened  out,  if  nccessaiy,  to  suit  a  very  low  local  gaa 
pressure  for  the  lamp,  when  in  use  as  an  ordinary  low 
pressure  lamp.  A  channel  D  makes  a  connection  (under 
the  float)  with  the  high-pressure  pipe;  and  when  the  heat 
has  taken  effect  on  the  intensifying  chamber  of  the  tamp 
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alxive,  to   which   the    pipe  is    connected,   the   cycle    coia-i 
iTiences,   ain.l  delivei-y  uiider   pressure  onsuos.     Tlie   rapid  1 
flow  of  gas  which  follows  lifts    the   float   and  closes  the  1 
low-pressure   apertuvo  A,  ss  well  as  the  hole  C,  whorehy 
only  the  standard  opening  B  is  left  at  work.     Should  the 
lamp  cease  it«  action  from  any  cause,  or  be  cut  off  hy  a 


Ptu.tiignph  ar  lump  ikFtiiiilly  niniiliig,  )jiit  wlttimit  nunlle.  Cuicmed  preHiirr,  ukM 
by  guin  kKoched  to  souli  balooon  ^Tcmor  aiid  iitiqilD,  S)<il.  Immure  In  lump 
roHrToIr,  taken  by  gauge  ntUdivd  la  conic  at  hiwd  of  lump,  T^ltD. 

Special  tap  provided  on  the  lamp,  and  the  supply  of  Idjjh- 
pressure  gas  cease,  the  float  will  fall,  thereby  re-starting  the 
supplementary  feed  apiirturcs,  and  maintaining  a  good  light, 
even  at  low  pressure.  The  aperture  B  alone  would  give 
but  a  small  light,  and  take  rather  longer  ttian  desirable  to 
heat  up  and  start  the  lamp,  if  not  supplemented  by  the  feed 
from  the  additional  holea  X  and  Y. 


Self- intensifying  Jiui^er. 

Tim  fonii  of  rfvoitt-r  alK>vc 'lesciibod  has  lK.vn  iiidilifiiil 
to  admit  of  L-osier  atkntion  to  internal  parts,  which  has 
lieon  effecteii  liy  subdividing  its  fimctiona.  The  bye-pafls 
arranf,'einent  Im  work^"l  liy  a  sepaiato  disc  apart  from  the 
Hoat    (npi-    Mcction    in    Fitj.     127).       It     will     tie    noticed 
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that  the  govomor  stands  immediatoly  over  iho  hj-c-pa-ss 
valve,  and  tho  " aperture  contro]lin<;  float"  is  immediately 
under  the  burner,  the  wliolu  being  in  ona  vertical  line. 
They  may  !«  replaced  or  exaiulnod  very  easily  by  unscrew- 
ing the  top  of  the  bye-pasw  valve  and  removing  it  with  all 
the  appertaining  partfi  iiiountcd  upon  it.     A  point  not  to  be 
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overlooked  in  biiming  heated  gas  ia  that  tlie  nipple  area  re- 
quires adjustment.     For  instance,  gas  at  250"  Fah.  tempera-  J 
ture    will   be    expanded    probably   30   per    cent,   over  its  1 
original  bulk  when  it  was  admitted  to  the  lamp.     The  | 

nipples  therefore  require  slight  enlargement  over  cold  gas  ' 
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nipples.     Tliis  admits  of  greater  velocity  of  delivery,  and 
therefore  a  shai-per  blast  for  drawing  air  into  the  burner. 

A  water-charged  head  to  each  street  lamp  is  maintained 
in  an  e.'ctremely  simple  manner.  A  hollow  shepherd's  citiok 
is  hooked  into  the  water-filling  aperture,  and  by  rubber 
attachment  to  a  hand  pump  the  water  is  delivered  until  it 
overflows.    liy  such  an  appliance,  and  the  use  of  the  muni- 
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eipal  watcr-eavt,  it  woiilil  Uk«  vory   littlo  tinio  to  charge 
100  lamps. 

It  has  licen  pointed  out  that  dirty  valves  may  prevent 
a  lamp  automatically  starting.  The  possibility  of  dirty 
valves  is  due  to  the  heated  gns  in  newly-made  lamps  vapor- 
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Jectora,  Ac., 

ounw  uf  fAc  tfan>ugliplp«toLii 
out  throii^j  {HiUot  vftlTfl.  and  down  to  buraor.  Conniniiiuu  iv  i-BHn  inr  buuvo  is  uihj 
■hDKii.  file  hoC  dlali  is  lUHinnded  onr  the  buroor,  the  diapUsor  dlsb  wblcli  tHwl* 
Into  It  li  sliDwn  luimedintdf  above,  uid  tba  wld  dish,  vhlcb  aim  ntti  Into  dlapUwr, 
la  iiliawn  with  nlvD  |)lpia  nttuhod.  X^'hen  the  hut  uid  colil  dititct  arc  ('lain]icd 
flfUgo  t«  flan^,  the  dlarUcer  hajt  a  verticil]  movement  vl  ftljout  ]ln. 

iaing  tlie  grease  in  the  pipe  joints,  which  are  made  with 
graphite  ;  but  this  disappears  in  due  course — the  lamps,  in 
fact,  improve  by  use.  Each  lamp  is  provided  with  a  start- 
ing device,  which  enables  the  attendant,  by  pulling  a  light 
chain,  to  cause  a  pulsation   of  the   gas   in   the   displaecr 


2flO 


J'etr-leinii-  Incitvdrsecnt  I.if/hl. 


cliambt't';  so  tlmt  the  lamp  then  entei"a  into  the  intensifying 
stage,  if  sufficient  heat  has  accumulated  at  its  base.  Home 
of  the  lamps  have  been  put  to  the  test  of  continuous 
operation  day  and  night  for  IGO  conHecutive  hours,  besides 
«iiljsei|uent  runa  of  128  and  123  houi-s  continuously,  and 
the  interior  has  then  bien  found  in  goofl  condition,  ]io 
dopo'^it  of  naphthalene  being  discovered.  Indeed,  it  appears 
duulitful  if  such  couid  exist  in  a  lamp  where  the  general 
temperature  is  ao  much  above  the  normal. 

As  evidence  of  the  extent  of  improvement  effected  in 
gas  lighting  devices,  it  is  of  interest  to  note  that  the  step 
up  from  a  15 -candle  power  batawing  burner  giving  3  candles 
per  foot  to  a  self- intensifying  lamp  giving  oiO  candles  from 
a  single  burner  is  as  follows: — The  efficiency  is  inci-eased 
12  times.  The  unit  of  light  is  increased  30  times.  These 
results  are  of  some  significance  in  the  competition  with 
electiicity.  Expressed  in  other  woi-ds,  it  may  be  said  that 
gas  enters  the  lamp  having  a  value  of  2s.  Gd.  per  1000 
cubic  feet;  but  the  lig!it  attained  gives  such  sen-ice  tliat  it 
is  eijuivalent  to  reducing  the  price  of  gas  to  2^-<l.  per  1000 
cubic  feet. 

Tfie  KUmn  Light. — One  of  the  most  recent  developments 
of  the  .'lystem  of  lighting  by  incandescent  mantles  is  that 
invented  by  Mr.  Arthur  Kitson,  of  Philadelphia,  t'.S.A., 
and  now  of  London.  An  installation  on  tliis  system 
consists  of  tliree  es.seiitials,  viz.,  (1)  the  reservoir,  con- 
taining petroleum  oil,  having  a  flash  point  of  about  100  to 
120°  Fah.  (AIk'I  test);  (2)  the  lamp;  and  (3)  the  tubing 
conducting  the  oil  from  the  reservoii'  to  the  lamp.  A 
vapour  tiilje  [lasses  over  the  burner,  and  the  oil  is  thereby 
vaporised  and  converted  into  an  oil  gas.  in  which  form  it 
Is  consumed  in  contact  with  the  mantle. 

The  oil,  reaching  the  lamp  cold,  through  the  tubing  (1)  {Fig. 
1-32),  is  conveyed  to  the  vaporising  tulw  (2).  which  in  diameter 
is  the  Hixe  of  a  lead  pencil,  and  8in.  long,  and  is  there  gasified 
by  the  heat  from  the  mantle  (3),  the  arrangement  Wing 
such  that  only  a  minute  i|uantity  of  oi!  contained  in  the 
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vaporising  tube  is  subjected  to  the  heat  at  one  time.  An 
indication  of  the  smalhiess  of  the  consumption  is  here 
afforded  by  the  minuteness  of  the  outlet  (4)  at  the  opposite 
end  of  the  vaporising  tube,  it  being  no  larger  than  a  needle- 
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Fig.  132 


point.  From  thence  the  oil  vapour  passes  into  an  open 
mixing  tube  (5)  on  the  top  of  the  reflector,  where  sufficient 
air  is  drawn  in  for  supporting  combustion.  The  mixture 
then  travels  down  to  the  mantle,  inside  which  it  burns. 


Pdroleain  Incandi 


^t  Light. 


The  lump  in  lighted  by  a  veiy  simple  and  iiigciiioufi  con- 
tiivaiiCL',  which  rapidly  heat«  tlic  vaporising  tube  previous  ■ 
tu  tho  turning  on  of  the  oil. 

Thci-eservoiroroilstoi-agctank  (Fig.  133)  is  a  strong, though 
light,  cylindrical  vessel,  con.'jtvuctcd  uf  cold-drawn  steel,  with 


nil  and  iiiv  capacity  varying  fiuui  J  tu  4"  galluiif^,  which  is 
eijuu!  to  1000  condlc-puwer  tW  15  to  150  hours  respectively, 
and  may  be  placed  in  any  convenient  cellar  or  undergiound. 
By  means  of  the  pump  the  tank  is  first  charged  witlioil, 
tlien  air  is  pumped  in  up  to  50  lb.  gauge  pressure,  which 
air  lasts  for  all  time.    Ail  that  i.'s  then  needed  to  keep  up 
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the  pressure  is  to  replenish  the  supply  of  oil  when  it  is 
becoming  exhausted. 

In  Fig.  133  (2)  is  the  sight  gauge,  indicating  the  depth  of 
the  oil  in  the  tank  ;  (3)  pressure  gauge ;  (4)  safety  valve  ; 
and  (5)  a  simple  oil  pump. 

The  oil  is  conducted  by  strong  copper  or  bronze  tubing, 
the  bore  of  which  is  no  larger  than  electric  incandescent  wires, 
which  tubing  is  easily  manipulated  and  hidden  irom  view. 
It  may  ramify  to  any  number  of  lamps,  but  it  is  not  advisably 
carried  beyond  1000ft.,  as  it  would  then  cost  less  to  install 
another  reservoir. 

The  oil  flow  is  controlled  by  means  of: — (1)  Ordinary  taps 
in  suitable  positions,  operated  similarly  to  gas  taps.  (2) 
Automatic  check  valves,  which  innnediately  stop  the  flow 
of  oil  in  case  of  accident  to  any  part  of  the  tubing.  (3)  The 
passage  of  oil  is  automatically  increased  or  diminished 
according  to  the  light  in  use. 

The  Kitson  system  of  lighting,  which  is  applicable  to 
domestic  as  well  as  public  use,  was  originally  invented  in 
the  years  1885  to  1881).  But  until  the  mantle  industry  had 
Ijecome  developed  it  was  impossible  for  the  petroleum  in- 
candescent light  to  attain  commercial  success. 
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CHAPTER  XIV. 

ANTI- VIBRATORS. 

Lefore  the  introduction  of  the  "  anti-vibrator,"  the 
incandescent  gas  light  was  hard  put  to  it  to  maintain  its 
position  for  street  lighting,  hut  the  invention  of  methods 
for  preventing  the  jar  of  the  tmflic  being  communicated 
to  the  mantle  placed  the  whole  question  on  a  different 
footing. 

Amongst  those  which  appear  to  be  must  satisfactory  is 
that  devised  by  Professor  Robert  Smith.  This  device 
consists  essentially  of  a  conical  or  cup-shaj)ed  hollow  piece 
of  metal,  across  the  base  of  which  is  clamped  one  or  two 
thin  non-metallic  flexil>le  sheets  or  diaphragms,  of  a 
material  impervious  to  gas,  and  having  a  low  modulus  of 
resilience.  Either  the  tap  is  attached  to  the  centre  of  the 
flexible  sheet  or  sheets,  an<l  the  burners  to  the  metal  cup, 
or  else  the  burner  is  fastened  to  the  centre  of  the  sheets, 
and  the  tap  to  the  metal  cone.  The  material  of  the 
Hexible  sheets  is  of  such  kind  as  is  unaffected  to  an 
injurious  degree  by  contact  with  gas  or  by  such  heat  as 
reaches  it  by  conduction  or  radiation  from  the  burner 
supported  above  it. 

In  some  descriptions  of  lamp  a  thin  sheet  of  vulcanised 
rubber,  with  or  without  canvas  webbing,  seives  the 
purpose ;  but  when  the  disc  is  exposed  to  a  higher  tem- 
perature what  is  known  as  "  asbestos  sheet,"  with  or 
without  rubber,  canvas,  or  metallic  webbing,  is  more  suit- 
able. This  material,  in  the  form  of  thin  sheets,  clamped 
at  their  edges  only,  has  also  the  advantage  of  transmitting 
less  vibration  than  does  rubber.     Other  materials  mav  be 
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used  tor  the  flexible  tUsts  in  such  ca-si-s  as  tlmy  may  ho 
ret]  ui  red. 

The  metal  cone  or  cup  may  be  placuil  witli  its  bi-oatl 
base  and  tlie  Hexible  sheet  or  sheets  at  the  top,  but  the 
inventor  generally  prcfei-s  the  inverted  position  with  the 


besc  downwards.     The  cup  may  be  tylindiical,  or  other 
shape  preferred. 

The  sheets  when  unloaded  may  be  flat,  but  when  carry- 
ing the  weight  of  the  Buperincumbont  parts  they  are  drawn 
into  a  more  or  Icks    conical    slinpe    by  this  load.    This 
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cotiic&l  shape  is  that  desired,  as  bciDg  more  efiicieDt 
in  insulating  from  horizontal  as  well  as  from  vcttica) 
vibrations  than  would  be  the  flat  form  ;  and  in  sonic 
circumstanccij  it  is  desirable  to  mould  the  sheets  with  a 


cousiderablc  degree  of  initial  tonicity  instead  of  to  the  flat 
form. 

Ill  Fig.  134  is  illustrated  the  form  in  which  a  double  cone 
C  C,  with  base  downwards,  in  used.     Fig,  135  shows  a 


modified  construction  in  whith  one  cone,  C,  only  is  used. 
Fig.  130  shows  a  constmction  in  which  the  base  of  the  cone 
C  lies  at  the  top. 
ThiA  anti-vibrator  has  been  subjected  to  the  most  rigid 
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tests  by  Mr.  St«p1n:n  Curpuntuv,  maiiagfr  of  the  works  of 
the  Sutton  Gas  Company,  from  wlioso  report  to  Prof.  R. 
Smith  the  following  extracts  are  taken  : — 

After  some  preliniinary  experiments  to  decide  the  most  efficient 
fonu  o!  test  appFiratua,  one  of  your  anti'Vibrators  was  on  29tb  March, 
lUO!),  &stA  on  the  top  of  a  Jin.  gas  pipe  riaitig  vertically  4(t.  Oliii. 
from  Ihc  Hoor  of  our  Lioilcr*hauBe  alongEide  of  a  vertical  donkey  feed 
pump.  At  ilft.  ii.Un.  from  the  ground  a  hardonod  tool-steel  arm  was 
olampcd  horizontally  on  this  pipe,  its  length  to  the  striking  point 
being  6in.  At  about  3ft.  Clin,  from  the  ground  the  {in.  pipe  was 
lightly  lashed  to  a  thin  lath  nailed  to  the  wall  in  order  to  limit  the 
Uirow  of  the  vibration.  This  lashing  made  the  shocks  sharper, 
although  it  diminished  the  i*ange  of  the  hori^ontnl  throw.  It  in  no 
nay  affected  tbe  vertical  component  ot  the  shock,  nor  the  total  energy 
of  each  blow. 

To  the  fly-wheel  ot  tUc  pump  was  rigidly  secured  a  hardened  tool- 
steel  arm  I4in.  long.  When  this  arm  reached  A')'-  from  the  vertical 
on  each  down-stroke  it  struck  the  other  Gin.  arm  clamped  upon  tbe 
upright  stem. pipe.  The  end  of  the  striking  arm  overlapped  tbe  other 
by  (in.,  so  that  the  latter  had  to  be  forced  aside  .}in,  to  allow  the 
striking  arm  lo  poaa.  During  tbe  1,84H,000  blows  dehvered,  the  hori- 
zontal arm,  which  was  of  hardened  tooleteel,  wore  away  ^V"''  while 
about  l.CiOO.UOO  blows  wore  away  tbe  end  of  tbe  striking  arm  i^in. 
Tbe  amount  of  overlap  was  adjusted  from  time  to  time  to  regulate  the 
strength  of  tbe  blow. 

The  above  1.I^18,00U  blows  did  not  in  any  way  pull  out  or  loosen  Uie 
edge  joints  of  the  flexible  diaphragms,  or  any  other  joints  of  the  aoti- 
vibtator.  In  this  number  of  blows  arc  included  those  given  in  tbe 
intervals  between  the  tests  of  tbe  different  mantles  used. 

A  Welsbach  C  burner  with  ordinary  glass  chimney  was  fixed  on  the 
top  of  the  anti- vibrator. 

March  2Wi.—K  new  perfect  Welsbach  mantle  was  placed  on  tbo 
ordinary  forked  rod,  and  burnt  off,  smoking  slightly  at  base  where 
touching  the  burner.  Started  blows  9  a.m.,  and  continued  them  until 
0  p.m.,  March  Ulst,  at  an  avei'ago  speed  ot  140  shocks  per  minute, 
giving  (o((i(nHi«ifr  of  bloivs  004,000,  The  mantle  waa  still  perfect, 
but  the  test  was  interrupted  by  the  striking  arm  being  broken  by  the 
violence  ot  the  repeated  Howe,  A  new  striking  arm  was  fixed,  and  the 
test  recommenced  at  U  a.m.,  April  1st,  with  tbe  same  mantle,  and  a 
Domewhat  stronger  blow  than  before.  At  4  p.m.  the  mantle  was  still 
perfect,  having  then  received  56^,800  blows.  The  machine  was  then 
required  for  other  purposes,  and  the  testing  mechanism  disconnected. 
The  attendant  having  omitted  to  remove  the  mantle,  it  was  broken  on 
the  occasion  ot  the  pump  running  away,  and  causing  very  violent 
shock  and  oscillation  throughout  the  loose  disconnected  parts. 


>  p.m.  a  new  perfect  \Vclt.baeh  C  maollo  was 
inner,  but  mlhotil  flic  nnli-vihralor,  with  Ibe 
flajne  Htreiiglh  of  blow  as  the  last.  The  pump  was  started  gentl.v,  and 
its  speed  increased  gradually.  The  maaile  broke  off  near  the  lop  ni 
70  bioiL-H. 

April  aih.—Ai  4  p.m.  the  anti-vibrator  was  refixod  as  heCorP,  and  a 
new  Welsbach  C  mantle  suspeuded  and  burnt  off.  This  test  continued 
unifoTmly  from  this  time  till  G  a.m.,  April  10th,  when  the  mantle  wbg 
bUII  perfect,  Tbc  average  speed  was  100  Gbocka  per  minute,  and  the 
time  being  110  hours,  the  bhiva  received  were  660,000. 

lias  .sjJccially  U'steil  tliis  aiiti-viljrator,  and 
ili-iirccifttion  of  the  intensity  of  tlic 
iiylit,  ivliilst  the  enhanced  life 
of  th'!  iiiaiitie  was  most  rcuiark- 
alile,  tlius  completely  contirniiiiy 
51i-.  t'arpeoter'.s  re.sults. 

As  an  indication  of  the  \iv{.c- 
tieal  value  uf  this  anti-vibrator, 
the  following  experience  may  be 
itJcitcd  ; — In  August,  IDOO,  an 
ordinary  CI  Welsbacli  burner, 
with  Prof.  R.  Smith's  anti- 
vibrator,  was  fitted  under  Mr.  S. 
Carpenters  directions  in  one  of 
Mi's-si's.  Greene  and  Co.'s  lanterns 
in  Cheam  Road,  8uttcn,  Suri-ey. 
At  the  present  time,  after  twenty 
iiiuntlis'  nso,  the  same  mantle 
(■iiiitinuu.s  to  att'ord  a  satisfactory 
light.  TJic  anti  vibrator  is  one 
uf  the  tirst  that  was  made, 

Wetsbach  Kern  Burner   and 

Anti-vihrator   {FJg.   1:17).— Tlio 

illustration     shows     the     Kem 

^''^  '"■  hurner   fitted   with    the   patent 

ajiti- vibrator  supplied   by   the  Welsbacli  Company.     This 

form  of  anti-vibratov  has  been  snccebafully  used  in  street 

lighting,  in  the  lighting  of  railway  fcttttitinH,  factoiy  work- 
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shops,  .tc,  ami  it  is  claimed  timt  by  its  adoption  Wekbach 
mantles  are  enabled  to  witlistand  the  severest  shocks  and 
most  sustained  vibration.  The  anti-vibrator  consists  of  a 
bell-shaped   metal   weight   supported    by   a   spiral   spring. 


Fig.  Isa-Harwich  Anti- 


which    takes   iip   the    jar   nf    lioth    lateral    and    vortical 
vibration. 

Fig.  138  is  a  di-awing  of  a  simple  fitting  with  a  steel 
tnlie  anti- vibrator  and  an  tnanielled  reflector,  constructed 
by  Messrs.  Riifrt;  and  C'li.  for  nsc  in  workshops,  &c. 
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CHAPTER  XV. 

LAMP   GOVERNORS   AND   AVERAGE   METER   SYSTEM. 

Lamj)  Oovemors  (1866  Model),— (A)yFig,  139,  is  a  steatite 
burner  tip,  and  the  diagram  shows  the  method  by  whicli  it  is 
fastened  into  the  cone  (B),  which  is  screwed  to  the  governor 
by  an  ordinary  §  gas  thread.  The  l^est  burner  for  the  pur- 
pose, and  the  one  that  is  now  almost  universally  adopted,  is 
the  table-top. 

(C)  is  a  metal  ring,  which,  being  screwed  into  the  body 
of  the  governor,  holds  the  leather  firmly  to  its  seat.  Be- 
tween the  leather  and  the  metal  ring  is  a  turned  card 
washer,  which  prevents  the  leather  from  being  injured  by 
the  turning  of  the  screw  in  tightening  it  down  to  its 
bearing. 

(D)  is  the  regulating  valve  fixed  to  the  leather  (E)  by 
means  of  two  shields  (F  F),  which  clip  the  leather  between 
them,  these  shields  being  held  finnly  by  a  screwed  brass 
nut  (G)  on  the  top  of  the  upper  shield,  and  a  tin  washer 
on  the  underside  of  the  lower  one.  The  leather  (E)  answers 
the  same  purpose  in  the  dry  as  the  gasholder  does  in  a  wet 
governor,  rising  and  falling  accordingly  as  the  pressure  is 
more  or  less  at  the  inlet  (L). 

(H)  is  the  junction  gasway  connecting  the  outlet  of  the 
lower  part  of  the  governor  to  the  cover  through  which  the 
gas  passes  up  the  cone  (B)  to  the  burner,  in  the  direction 
shown  by  the  arrows. 

(I  I)  are  screws  which  hold  the  gasway  to  its  seat. 
Between  the  gasway  and  the  seat  is  interposed  a  washer 
made  of  paper,  which,  being  painted  with  a  little  red  lead 
and  oil,  secures  the  soundness  of  the  joint. 
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(K)  is  a  screw  for  holding  the  top  securely  and  preventing 
damage  to  the  gasway  should  the  lamp-lighter  strike  the 
cone  too  hard  with  his  torch  in  lighting,  or  catch  the  burner 
with  his  sleeve  in  cleaning  the  lantern. 

(L)  is  the  inlet  of  the  governor  screwed  to  the  ordinary  -} 
gas  thread,  and  the  direction  of  the  gas  is  shown  by 
arrows. 

(M  M)  is  an  annular  lea<lon  weight  by  which  the  pressure 
to  Ik}  maintaine<l  at  the  point  of  ignition  is  fixed.     As  in  the 


Fig.   139. 


Fig.  140. 


ordinary   wet  governor  a  lighter  weight  will  give    le8.s 
pressure,  and  vice  versd. 

(N)  Is  a  hole  communicating  with  the  external  air  for  the 
purpose  of  allowing  the  leather  to  rise  and  fall.  If  this 
liole  becomes  stopped,  the  governor  will  cease  to  act.  Tlie 
leather  being  sound,  no  escape  of  gas  can  take  place  when 
the  governor  is  in  operation. 
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The  Steatite  Float  Lamp  Govei^ior  (Fig.  140)  has  been 
introduced  to  meet  the  requirements  of  modern  times,  and 
is  capable  of  working  under  more  stringent  conditions  than 
were  usual  at  the  time  the  firet  governors  were  invented.  It 
comes  into  action  at  the  ordinary  day  pressure,  and  ensures 
a  constant  rate  of  consumption  under  pressures  varying 
from  tV  to  6in.  It  differs  from  Fig.  139  by  reason  of  the 
leather  diaphragm  being  replaced  by  a  steatite  float,  which, 
on  rising  by  the  increased  pressure  of  the  gas,  reduces  the 
free  way  of  the  outlet,  and  therefore  works  without  the  aid 
of  mercury,  glycerine,  or  other  fluid. 

The  interesting  series  of  woodcuts  (Fig.  141)  illustrate 
the  development  in  the  forms  of  lamp  governors  since 
1859. 

Messrs,  Sugg  and  Co.'s  Apparatus  for  Testing  Lamp 
Oovemors  (Plate  III.)  — The  requisites  for  this  purpose 
are: — 

An  experimental  meter  (A),  with  a  measuring  drum 
holding  T^j  of  a  cubic  foot,  thus  indicating  at  one  revolution 
per  minute  a  rate  of  5  cubic  feet  per  hour.  The  dial  is 
divided  accordingly,  each  foot  being  sub-divided  into 
tenths  of  a  foot. 

A  minute  clock  (B)  striking  each  minute  and  fitted  with 
stop  action. 

A  King  M  pressure  gauge  (C)  capable  of  showing  4in.  of 
pressure. 

Another  (D),  capable  of  showing  l^-in.  of  preasurc,  with 
sub-divisions  into  hundredths  of  an  inch. 

A  single  dry  governor  (E). 

A  double  dry  governor  (F). 

A  float  (N  N)  fitted  with  lamp  cocks  and  stop-cock  (E  E) 
for  high-pressure  gas  supply. 

A  brass  T-piece  (L)  screwed  |in.  inside  at  the  bottom, 
and  ^iii.  outside  at  the  top,  so  that  it  may  be  inserted 
between  the  cone  and  the  case  of  a  governor  which  it  is 
required  to  test  in  the  readiest  manner  without  disturbing 
the  joints, 
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This  T-piectj  is  connected  by  means  of  an  intlia^rubljoi' 
tube  to  the  delicate  King's  pressure  gauge  (D),  which  in- 
dicates the  pressure  of  the  gas  after  passing  the  governor. 
This  pressure  is  considered  to  be  that  wliich  would  be 
found  just  inside  the  orifice  of  the  burner,  and  is  spoken  of 
83  the  pressure  at  the  point  of  ij;nition. 

Note.— In  tbe  case  of  the  steatite  float  lamp  governofB  (page 
271),  in  which  the  cgoe  is  in  one  piece  with  the  caae  of  the 
gOTemor,  the  burner  muat  he  removed,  and  the  T-piece  mUBt  be 
screwed  to  the  top  of  the  cone. 

A  flash-light  (H)  for  lighting  the  burners,  and  connected 
by  a  lonfi  india-nibber  tube  with  the  ordinary  gas  service, 
80  that  it  is  not  in  communication  with  any  part  of  the 
apparatus. 

Action  of  the  Apparatus. — The  mode  of  action  of  the 
apparatus  is  as  follows ; — The  high-pressure  gaj^  enters  by 
the  supply  pipe  (0),  and  passes  through  the  governor  (E)  to 
the  meter  (A).  Thence  it  returns  and  passes  through  the 
double  governor  (F)  to  the  pipe  (N  N)  called  the  float. 
ThLs  pipe  is  provided  with  stop -cocks,  to  which  the 
governors  or  bumers  under  examination  can  be  attached, 
and  is  in  communication  at  the  one  vertical  portion  with 
the  gauge  (C),  and  at  the  other  with  the  high-pressure  gaa 
supply  through  the  stop-cock  (E  E). 

Fixing. — The  best  method  of  flxing  this  apparatus  is 
that  shown  in  Plate  III. 

The  inlet  (G)  of  the  apparatus  should  be  connected  to  the 
outlet-pipe  of  the  gasholder  (Fig.  142). 

Although  lamp  governors  are  made  for  the  purpose  of 
maintaining  by  their  action  uniformity  at  the  burner  under 
vaiying  pressures  in  the  street  mains,  yet  they  themselves 
cannot  be  well  adjusted  unless  there  is  a  possibility  of 
working  with  a  standard  pressure  which  can  be  relied  upon 
to  remain  unchanged  during  the  whole  process  of  adjust- 
ment. 

At  the  same  time  it  is  necessarj'.  in  order  to  prove  the 
delicacy  of  the  jrovernor.  to  have  a  means  of  increiising  tho 
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preasiire  at  its  inlet  by  degrees  til!  the  highest  pressure  is 
reached,  when  this  is  shut  off,  and  the  stamlard  pressure 
resumes  its  infltience. 


To  maintain  this  standard  pressure  is  the  province  of  the 
douijie  governor  (F),  fixed  on  the  right  of  the  meter,  while 
that  on  tlie  left  (E)  serves  to  regnlate  the  degree  of  variation 
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in  the  pressure  which  it  is  intendej  to  cause  at  the  inlet  of.^ 
the  lamp  governor  unJer  examination. 

Aiijiidtiient. — Having  ai'rangetl  tlie  apparatus  in  th«t_ 
oi-der  pointed  out,  see  that  the  pointers  of  the  pressureil 
gauges  are  at  zero  when  the  gas  is  turned  ofl'. 

KoiE.~For  this  purpose  open  the  blow-off  oocks  (A  A),  and! 
shut  tbe  gas  oocka  (B  B). 

Adjust  the  (F)  or  standard  pressure  governor  till  it  giveal 
a  pressure  upon  the  (C)  pressure  gauge  equal  to   the  lowes 
or  day  pressure  in  the  mains  (say  G-lUths), 

NoTB,— In  adjusting  thifl  governor  (which  is  double),  the  inlet 
holder  must  be  weighted  to  give  about  -1  orS  lOths  more  than  the 
outlet  holder;  thus,  BUppoEing  the  operator  were  adjusting  the 
low-pressure  governor  (F)  to  give  6-lOtha  preHBure,  he  would 
adjust  tbe  inlet  holder  to  tj-IOtbs  and  the  outlet  bolder  to»-10ths. 
Tbia  is  done  to  allow  tor  any  variation  of  pressure  which  may 
occur  at  tbe  outlet  of  tbe  first  holder,  and  in  order  that  the  second 
ma;  be  enabled  to  maintain  at  its  outlet  a  perfectly  uniform 
pressure. 

Weight  the  test  or  store  gasholder  (Fig.  142)  (if  it  is  not 
possible  to  obtain  the  pressure  fioiii  a  large  gasholder,  or  in 
any  other  way),  up  to  Sin.  or  2iin. 

For  all  the  purposes  of  testing,  excepting  for  soundness, 
a  pressuie  of  Sin.  is  amply  sufficient.  To  increase  the 
pressure  gradually  from  -r^in.  to  l-j-in.  is  a  severer  test  for 
a  governor  than  suddenly  to  change  it  from  y^in.  to  Gin. 

After  adjustment  of  the  high-pres.siiro  governor  (E)  to  1m., 
or  nearly  the  pressure  o£  the  test  gasholder,  the  apparatus 
will  be  in  order  for  testing. 

Supposing  it  is  required  to  test  a  governor  taken  from,  or 
ready  to  be  fixed  in  a  lamp,  screw  it  on  one  of  the  cocks  as 
at  (L),  commence  by  turning  on  the  high-pressure  cock  (E  E), 
and  light  the  burner. 

NoTK, — This  iB  done  in  the  case  of  the  old  pattern  governors 
to  put  the  governor  in  action  in  case  it  may  have  lain  bj  for  sonie 
time,  and  have  become  stiiTened  by  reason  of  the  oil  from  the 
gas  being  viscid.  If  pnt  in  action  for  a  short  time,  tbe  gas  will 
itself  restore  the  leather  lo  its  former  condition. 
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Turn  off  the  high -pressure  cock  and  let  the  flame  hum 
for  at  leaat  one  minute,  then,  when  the  haiul  of  the  met^r 
is  at  '},  start  the  minute  clock  (which  should  be  at  zero), 
hdJ  at  the  moment  when  the  l^ell  strikes  one  minute,  notice 
the  position  of  the  hand  of  the  meter.  The  distance 
travelled  over  tjy  that  hand  in  one  minute  equals  the  rate 
prr  liour  at  which  the  gas  in  consumed  hy  the  burner ; 
thus,  if  the  hand  has  made  the  complete  circuit  of  the  dial, 
the  consumption  of  gas  is  5  cubic  feet  per  hour ;  if  from 
zero  to  1,  1  foot  per  hour,  and  so  on. 

If  it  he  necessary  to  ascertain  whether  the  governor 
under  examination  varies  under  difTeieiit  prcsaures,  then 
unscrew  the  cone  and  insert  the  "Y-pKce  (L),  connecting  the 
outlet  of  the  X  to  the  point  of  ignition  gauge  (I)). 

Commence  with  the  low  or  standai^d  pressure,  and 
ascertain  the  rate  per  hour,  after  which  turn  on  the  high- 
pressure  cock  (EE)  so  as  to  gradually  increase  the  pressure 
until  the  gauge  shows  that  the  highest  point  desired  is 
attained. 

NuTK.— The  weight  muBl  he  pat  on  the  oattet  holder  ;  alter 
the  first  ajjaatment  the  inlet  holder  must  not  be  touched,  unless 
it  IB  dedred  to  increaBe  or  dimiuish  the  standard  maximum 


By  counting  the  number  of  hundredths  of  an  inch  of 
variation  sliown  hy  the  pressure  gauge,  that  of  the  governor 
may  be  accurately  ascertained ;  and  by  observing  how  much 
the  consuiuption  is  increased,  a  table  of  variations  for  that 
particular  size  of  burner  may  be  readily  made. 

To  ensure  success  in  lighting  street  lamps  upon  the 
governor  system,  the  burner  and  governor  must  be  con- 
sidered as  one,  and  any  accident  which  happens  to  either 
ought  to  be  followed  by  the  removal  of  both  for  re-adjust- 
mcnt. 

It  is  desirable  that  all  governors  should  he  brought 
in  for  testing  and  cleaning  at  least  once  in  three  years. 

Average  Mdey  Sijdem.—TXiG  following  description  of  the 
method  adopted  in  the  town  of  Nottingham  for  effecting  the 
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supply  o£  gas  to  the  public  lamps  ou  the  systeic 
lucter  indication  was  submitted  to  the  Britisli  A-ssot^atiou  1 
of  Gas  Mauayers  by  Mr.  Cliaa,  Hawkusley  in  June,  liSUSrl 
and  i^  of  special  value  a'i  yhowing  the  manner  in  wbidtf 
the  "  meter  system  "  was  introduced. 

Average  meter  imlication  appears  to  liave  been  in  use  u 
one    or  two  of  the  smaller  towns  in  this  country  for  i 
considerable  period   of  years,   but  was  fii-st  bi-yuylit  pi^o-  I 
minently  into  public  notice  when  applied  in  conjunctiott  I 
with  the  "  double  tap  "  in  the  town  of  Reading  duiing  the  f 
year  18G!!,  under  the  direction  of  Mr.  Samuel  Hughes. 

The  attention  of  the  Nottingham  Cias  Company  was,  in.  I 
the  year  1 860,  called  to  the  excessive  quantity  of  gas  con-  ; 
sumed  by  the  public  lamps,  and  on  investigation  it  ■ 
found  that  the  mean  average  consumption  by  each  lamp  I 
amounted,  ctuiing  the   six   months   ended   September  1st,   ' 
1860,  to  no  less  than  7'3  cubic  feet  per  hour,  although  the 
contract  with    the    town    authorities   provided    only  for 
5  cubic  feet  per  hour  per  lamp ;  and  during  a  portion  of   | 
the  period  lefeiTed  to — viz.,  from   the   1st  to  the  22nd  of  I 
June — the   consumption    per   lamp   was    found    to    hava  ■ 
attained  the  enormous  quantity  of  O'a  cubic  feet  per  hour. 
The  amount  of  gas  actually  consumed  (as  ascertained  by 
meters  attached  to  several  of  the  lamps),  when  divideil  by 
the  number  of  houra  during  which  the  lamps  ought  to  have 
been   lighted   according   to   the    lighting   table,   gave   the 
results  mentioned  above,  showing  great  negligence  on  the 
part  of  the  lamp-fighters,  who,  especially  during  the  height 
of  summer,   lighted   the    lamps    earlier   and  extinguished 
them  much  later  than  the  hours  stated  in  the  table. 

It  was  to  amend  the  then  unsatisfactory  state  of  the 
arrangements  with  the  lighting  authorities  of  the  town  that 
the  Company  applied  to  Parliament,  in  the  session  of  1S64, 
for  an  Act  having  amongst  other  objects  the  making  of 
better  and  moi-e  effectual  provisions  with  regard  to  the 
lighting  of  public  lamps. 

The   Bill   was   opposed    by    the    Corporation   and   the 
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lighting  authorities  of  the  town,  and  after  a  severe  con- 
(.L'st  Tjcfore  a  Select  Guumiittce  of  the  House  of  Commons, 
ilnriiifj  which  certain  alteratiuiis  were  made  in  the  Bill 
affecting  the  regulation  of  the  publie  lamps,  the  Act  was 
jia^'sed  with  the  fuSlowing  clauses: — 

"  (15)  Subject  to  (he  provisionB  of  this  Act  the  Company  shall,  at 
their  own  expense,  upon  the  request  in  writing  of  any  lighting 
authority,  provide,  lay  down,  fix,  mtiintain,  and  keep  in  repair  all 
maiDB  necessary  for  the  proper  lighting  of  euch  of  the  atreets  within 
the  said  Umits  as  are  mentioned  in  such  request,  and  provided  the 
lamps  to  be  supplied  shall  be  fixed  at  cot  e^ueeijing  the  average 
distance  of  HO  yards  along  the  course  of  any  main  to  be  laid  donn  by 
the  Company  for  conveying  gas  to  such  lamps. 

"(16)  The  Company  shall,  from  time  to  time,  at  the  request  in 
writing  of  any  auch  lighting  authority,  supply  all  or  any  of  the 
present  public  lamps  within  the  said  limits,  or  such  other  public 
lamps  to  be  hereafter  provided  and  fixed  as  aforesaid,  with  so  much 
gas,  and  to  be  delivered  at  and  for  such  times  and  periods  as  the 
parties  on  whose  request  the  supply  of  gas  Is  made  may  from  time  to 
time  desire. 

"  (17|  The  price  to  be  charged  by  the  Company,  and  to  be  paid  to 
them  by  the  lighting  authority,  within  the  extended  limits  by  this 
Aat  authorised,  for  all  gaa  so  supplied  to  or  for  any  such  public 
lamps,  shall  always  be  calculated  and  fixed  at  and  according  to  the 
lowest  price  for  the  time  beiog  charged  by  the  Company  to  any 
private  consumer  in  the  parish  or  place  within  such  extended  limits 
in  which  auch  public  lampe  shall  be  situated. 

"  (IH)  The  gas  supplied  to  the  public  lamps  within  the  hmits  of  this 
Act  and  the  recited  Acts  shall  be  consumed  by  meter,  nt  the  option 
from  time  to  time  of  the  lighting  authority  or  the  Company  ;  and  in 
case  of  its  being  consumed  by  meter,  the  meters  shall  be  provided  by 
the  Company  at  the  expense  of  the  lighting  authority,  but  neither 
party  shall,  except  as  hereinafter  provided,  beentitled  to  require  that  a 
meter  be  affixed  to  more  than  one  in  every  twelve  lamps  then 
supplied  with  gas  under  this  Act  or  the  recited  Acts  ;  provided  also 
that  the  Compaoy  shall  be  at  liberty,  if  they  think  fit,  to  have  a 
meter  affixed  to  any  additional  number  of  lamps,  they  providing  such 
meters,  and  paying  to  the  lighting  authority  the  additional  expense 
of  providing  and  adjusting  lamps,  lamp'posts,  and  other  things 
necessary  for  their  reception  and  use ;  provided  always,  that  if  the 
gaa  shall,  under  the  provisions  of  this  Act,  be  supplied  to  the  public 
lamps  by  average  meter  indication,  the  Company  shall,  for  seauring 
uniformity  of  consumption  between  the  metered  and  the  uumetered 
lamin,  from  time  to  time  provide  the  public  lamps  under  the  control 
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of  the  lighting  authority  with  proper  regalBling  apparatus  and 
burners  to  the  satistHction  of  the  lighting  authority,  or,  in  case  o 
difference,  as  from  time  to  time  ehall  be  settled  by  the  Justices  in 
Petty  SesEions  assembled. 

"  (19)  The  average  amount  of  the  indications  of  all  the  meters 
attached  to  the  public  lamps  under  the  control  ot  any  lighting 
authority  shall  be  deemed  to  be  the  amount  consumed  by  each  such 

"  (20)  The  gas  supplied  to  any  such  public  lamp  shall  be  permitted 
to  pass  unrestricted  to  and  from  such  regulating  apparatus  for  the 
whole  of  the  period  during  which  any  such  public  lamp  ahall  be 
lighted." 

Siibseijiicntly,  Mr.  HawkwlL'y,  the  engineer  to  the  gas  , 
company,  was  instructed  to  take  the  necessary  steps  for  th«  I 
introtluction  into  the  town  of  Nottingliam  of  the  system  of  j 
average  meter  indication,  and  with  tha  assi-stance  ot  Mr. 
William  Sugg,  he  devised  the  moditied  form  of  meter  and  I 
the  burner  coek  now  in  use,  with  the  view  to  overcome  | 
some  of  the  ililEculties  which  had  previously  Lt-en  en- 
countered where  that  system  had  been  tried.  Tlie  lamps  i 
at  Nottingham  were  fii^st  lighted  on  the  system  of  average  1 
meter  indication  in  the  beginning  of  the  year  186(3,  Kince  i 
which,  and  up  to  the  present  time,  that  method  of  lighting  j 
has  been  maintained  in  operation  without  intemiptioii.  J 
The  apparatus  employeii  i.s  as  follows : — 

(1)  Every  lamp  throughout  the  town  is  furnished  with  ■ 
1>ra.si4  cock,  above  which  are  fixed  a  governor  and  steatite  j 
burner. 

(2)  One  lamp  in  twelve  has,  in  addition  to  the  above,  a  1 
wet  meter  placed  underground,  near  the  foot  of  the  lamp  J 
column. 

The  meter  is  of  the  compensating  class,  and,  in  oi-der  to 
reduce  the  friction  to  a  minimum,  the  drum  is  made  of  the 
same  diameter  (about  12in.)  as  that  of  an  ordinary  five-light 
meter,  but  is  so  diminished  in  width  as  to  have  the  capacity 
of  a  three-light  meter  only ;  it  makes  eight  revolutioas  for 
eadi  cubic  foot  of  ga-s  measured,  and  requires  to  work  it  a  j 
pressure  of  only  half  a  tenth  of  an  inch  when  passing  five  j 
cubic  feet  of  gaa  per  hour. 
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The  waste-water  box  is  so  arrangeil  as  to  be  capable 
of  being  eiuptieJ  by  means  of  an  exhausting  liyringo 
introduced  through  a  plug-hole  in  the  top  of  the  meter 
case. 

The  index  is  placed  horizontally  on  the  tup  of  the 
meter,  ao  as  to  be  visible  on  raising  the  cover  of  the  ca.st 
iixm  l)ox  in  which  the  meter  is  placed.  Tlie  index  at  liiist. 
employed  was  made  of  brasH,  anil  of  the  ordinary  pattern  ; 
but  great  trouble  being  given  by  the  metera  ceasing  to 
register,  it  was  discovered  that  the  condensation  in  the  dial 
box  due  to  changes  of  temperature,  and  probably  in  some 
measure  also  to  tlie  evaporation  from  tlie  water  in  the 
meter,  conoded  the  wheelwork  to  «o  great  an  extent  as  to 
cause  the  breakage  of  the  teeth  of  the  wheels,  and  conse- 
quently to  penuit  the  passage  of  tlie  gas  without  registra- 
tion. It  was  then  determined  to  make  the  indexes  with 
strong  wheelwork  of  gun-metal,  afterwards  tinned  to  pre- 
serve it  from  corrosion ;  and  a  stmplitied  arrangement  of 
index,  suggested  by  Mr.  Henry  T.  Humphreys,  was  used, 
consisting  of  two  large  wheels,  each  about  ijin.  in  diameter. 
Both  wheels  are  worked  by  the  same  pinion  fixed  on  a 
vei-tical  shaft,  which  ts  driven  in  the  usual  way  by  a  worm 
on  the  drtim  shaft.  One  of  the  large  wlieels  is  provided 
v;ith  202  teeth,  and  is  attached  to  a  revolving  dial  plate, 
the  cireumfcrenco  of  which  has  100  divisions,  each  repre- 
senting 1  cubic  foot  of  gas,  indicated  by  means  of  a  fixed 
pointer.  The  other  lai'ge  wheel  is  furnished  with  200  teeth, 
and  has  attached  to  it  a  hand  also  pointing  to  the  before- 
mentioned  divisions  on  the  dial  plate,  each  of  which  now 
represents  100  cubic  feet;  hut  the  number  of  teeth  in  this 
wheel  being  two  less  than  those  on  the  wheel  to  which  the 
dial  plate  is  connected,  the  hand  revolves  1  per  cent,  faster 
than  tlie  dial  plate,  and  thus  indicates  every  100  cubic 
feet  of  gas  couaumcil  up  t<j  10,000  cubic  feet,  beyond 
which  it  is  unnecessary  to  record  in  meters  of  this  class. 

Method  of  Reading  the  Imk^:. — The  index  is  of 
the  kind   called   differential.     The   index   hand    and    dial 
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both  revolve ;  but,  as  a  consequence  of  the  hand  being  n 
tixed  to  a  wheel  having  20O  teeth  and  the  dial  to  another 
liaving  202  teoth,  botli  of  which  arc  driven  by  the  same 
piniun,  the  hand  t;ains  on  the  dial  two  teeth  every  complete 
revolution  of  the  latter,  which  occurs  wlien  100  cubic  feet 
of  gas  have  passed  through  tlie  meter,  Thus  it  follows  that 
each  of  the  smallest  divisions  is  oijual  to  100ft.  by  tha 
indication  of  the  central  hand,  and  1ft.  by  that  of  the 
fixed  pointer. 

When  the  former  has  made  a  complete  revolution  of  the 
dial,  10,000  cubic  feet  of  gas  will  have  teen  passed  through 
the  meter. 

As  a  further  precaution  against  corrosion,  the  index  box 
is  tilled  Avith  refined  oil  to  the  level  of  the  under  side  of  tho 
dial  plate,  and  with  the  index  thus  made  and  protected  no 
further  difficulty  has  been  caused  through  tho  meters  having 
ceased  to  register. 

The  freezing  of  the  water  during  the  winter  has  been 
ert'ectiiaily  prevented  by  the  introduction  into  each  meter 
of  a  small  (quantity  of  methylated  spirit.  This  was  at  first 
fuunil  to  interfere  with  the  proper  action  of  the  meter,  and 
it  was  then  discovered  that  the  spirit  as  ordinarily  sold  is 
mixed  by  the  Customs  authories  with  gum  to  prevent  its 
)He  for  the  pui-pose  of  defraufling  the  Excise,  Un- 
adulterated spirit  was  afterwards  obtained,  on  a  certificate 
being  given  to  the  authorities  as  to  the  use  to  wliich  it  was 
to  be  applied,  and  no  further  inconvenience  has  been 
experienced.  Additional  protection  against  frost  is  afforded 
by  filling  %vith  felt  the  space  between  the  two  covers  of 
the  meter  box. 

KriB.^ — Thia  has  not  been  effectual  in  every  case,  in  conse- 
quence of  tbe  felt  becouing  wet,  and  Berving  clb  a  conductor.  It 
hu  beea  found  that  the  air  spa«e  between  the  lids  is  <]uite  suffi- 
cient during  ordinary  froBts. 

The  meter  is  placed  in  a  cast  iron  box  let  into  the  ground 
near  the  foot  of  the  lamp-post,  so  that  the  cast  iron  lid, 
which  is  hinged,  is  le\'cl  with  and  fomis  part  of  the  foot 
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pavement ;  beneath  thia  liJ  is  a  false  cover  of  iron  to  aflbrd 
ailditional  prott'ution  to  tlic  meter,  which  cover  uiay,  if 
I'equircd,  Ijc  tightly  screwed  down  uii  to  an  india-rubber 
wa,sher,  thus  forming  a  water-tight  joint  and  keeping  the 
interior  of  tlie  box  dry  even  when  immersed  in  water 
Apertures  are  left  in  the  hack  «f  the  box,  through  which  to 
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pass  the  inlet  and  outlet  pipes,  and  these  are  made  water- 
tight by  means  of  washers  and  back  nuts. 

Mr.  Sugg's  public  lamp  meter  consists  of  a  east  iron  box 
(Fig.  143),  with  roughed  external  lid,  and  with  internal  lid 
made  tiglit  with  india-rubber,  and  fastened  down  by  cotters 
and  screws.     The  internal  lid  is  titted  with  g]as,s,  to  enable 
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the  ini-pccttir  to  rend  the  index  without  removal,  and  an 
improved  doiilile-latch  look,  made  to  prevent  dirt  from 
falling  through  tlie  keyhole  into  the  meter. 

The  liox  is  also  fitted  with  inlet  and  outlet  unions,  fixed 
ill  a  watci'-tight  manner  to  tlic  Imjx,  and  an  incor- 
riidiblc  metal  nervice  inlot,  with  plug  for  cleaning 
out  stand-pipe.  The  external  lid  covers  these  arrangements, 
Ko  that  they  are  at  any  tiuie  accessible  without  breaking 
the  ground  or  disturhing  the  pavement.  The  external  lid 
and  fi-ame  are  adjustable,  hy  means  of  four  sciews,  to  the 
pitch  of  the  pavement  in  any  direction. 

The  meter  is  provided  with  levelling  screws  and  flexible 
joint  with  strong  gun-metal  union,  and  is  pi-ovided  with  a 
new  form  of  index,  which  is  made  of  bronze,  has  no  pinions, 
and  only  one  large  wheel.  It  can  be  rapidly  read  in  any 
direction.  It  is  provided  with  a  compensator  and  water- 
line  regulator.  An  independent  back  and  front  enables  tlie 
working  parts  of  the  meter  being  lilted  bodily  out  of  the 
case  for  the  purpase  of  repairing  and  for  adjusting  the  bear- 
ings— which  maybe  done  by  an  unskilled  mechanic  rapidly 
and  surely  on  the  spot. 

After  having  passed  through  the  meter,  the  gas  ascends 
by  a  pipe  placed  in  the  usual  manner  in  the  lamp  column 
until  it  reaches  a  bras.s  cock  placed  between  the  top  of  the 
post  and  the  underside  of  the  lantern.  This  cock  is  opened 
and  closed  by  means  of  two  short  brass  arms,  curved  down- 
wards, so  as  to  be  readily  caught  by  the  end  of  the  lighting 
t<>rch.  The  plug  is  made  longer  than  usual,  for  the  purpose  of 
securing  tightness  and  resisting  the  blow  of  the  lighting 
torch  when  used  with  rapidity,  and  the  stops  are  so  placed 
that  the  plug  cannot  make  more  than  a  quarter  of  a  revolu- 
tion. This  arrangement  ensures  the  opening  of  the  cock  to 
to  the  full  extent  whenever  the  lamp  is  lighted,  without 
ref[uiring  care  on  the  part  of  the  lamp  lighter,  who  has 
merely  to  push  up  the  lever  as  far  a-i  it  will  tmvel,  and  who 
would,  indeed,  have  some  difficulty  in  opening  the  cock 
only  partially,  were  he  even  disposed  so  to  do. 
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iminfdiately  alwve  the  cock,  but  insiiii^  the  lantern,  in 
placed  the  governor,  an  inntrunient  witliimt  which  the 
system  of  average  meter  iii<Hcation  could  never  have  been 
satisfactorily  adopted. 

Meters  were  attached  in  tho  ca.se  o£  Nottingham 
to  one  lamp  in  twelve,  the  lighting  authorities  having 
elected  to  have  that  proportion,  although  the  gas 
company  were  willing  to  adopt  one  in  twenty;  it  is, 
consei|uent!y,  of  the  utmost  importance  that  the  governors 
and  burnei-3  of  any  one  series  of  twelve  lamps  should  eaeh 
be  accurately  adjusted  to  consume  an  equal  (juantity  of  gas 
otherwise  the  metered  lamp  would  cease  to  affoixl  a  correct 
indication  of  the  consumption  of  the  whole  of  the  remaining 
eleven  lamps.  The  governors,  with  their  burners  attached, 
are  therefore,  in  tho  first  instance,  separately  adjusted  to  a 
consumption  of  J  cubic  feet  of  gas  per  hour;  they  are  then 
placed  twelve  in  a  row,  and  are  again  tested  fcr  an  hour, 
when,  if  the  total  consumption  during  that  time  is  found  to 
be  60  cubic  feet,  they  ai-e  issued  for  fixing  to  the  lamps,  tho 
governor  and  burner  for  the  metered  lamp  being  taken 
indiscriminately  from  the  set  of  twelve.  Cave  is,  however, 
taken  to  keep  each  set  distinct,  and  in  the  event  of  any 
future  readjustment  or  repair  being  required  to  the  governor 
or  burner  of  any  one  of  the  set,  the  remaining  eleven  are 
also  removed  from  the  lamps,  and  the  whole  are  again 
tested  together  before  being  refixed.  With  these  pre- 
cautions no  difficulty  is  experienced  in  maintaining  uni- 
formity of  consumption  in  both  the  metered  and  the 
unmetered  lamps. 

It  is  of  the  greatest  imi»rtance  that  the  meters  should  1  e 
regularly  testeil— say,  once  in  two  years.  By  the  use  of  a 
portable  test  meter,  the  inspection  can  be  made  with  the 
meter  In  situ ;  but  regard  must  he  had  to  the  temperature. 
Thus,  in  very  cold  weather,  or  when  it  is  extremely  hot,  it 
is  well  to  pas,^  about  15ft.  through  before  comniencinn- a 
test. 

J'odable  Shimlanl  Te>it  Mder.—T],]-  meter  (Fi-    144), 


Test  Mder. 

which  ia  especially  constructed  for  portability,  is  used  to  j 
test  meters  in  situ,  and  thus  avoid  the  inconvenience  and  J 
expense  connected  with  their  removal  to  a  testing  office. 

It  is  provided  with  stout  levelling  screws,  two  spirit 
levels,  two  pressure  gauges,  two  water-level  gauges,  and  a 
thermometer.  For  safety  during  removal  the  gauges  and 
thermometer  are  disconnected,  and  the  apertures  arc  closed 
by  caps,  which  are  attached  to  the  meter  by  small  chai 


The  glass  in  fi'ont  of  the  dial  is  protecUid  by  a  metal  door,  1 
which  can  he  secured  by  a  padlock.  The  case  is  mada  | 
extra  strong,  and  is  provided  with  two  stout  handles. 

The  results  of  the  application  of  the  average  meter  I 
system  in  Nottingham  may  be  summarised  as  follows,  tha  I 
figures  given  being  confined  to  a  period  of  eighteen 
months : — The  indices  of  the  meters  were  recorded 
monthly,  and  returns  made  both  monthly  and  riuarterly 
showing  the  situation  of  each  metered  lamp,  the  state  of  tho 
index,  the  number  of  cubic  feet  of  gas  consumed  during  ■ 
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that  parioJ,  the  number  of  hours  Jiiring  wliich  the  lamp 

was  alight,  and  the  consumption  per  hour  hy  each  lamp. 
The  Tabic  XLI V.  shows  the  results  oE  the  eighteen  months' 

working. 

Table  XLIV. 

TabU  tliowing  the  BetuUi  of  the  Syiltm  of  Average  Meter  Indication 
at  applied  to  the  Public  Lampi  within  the  Toivn  of  Nottingham, 
during  the  Eighteen  Montht  ended  March  81*(,  1868. 


a, 
S 

Conromption  in  cable  feat  per 

si.- 

J 

hoar  for  tba  quarter  jaar  anded 

Ill 

t 

fe 

fl'o  ^ 

S 

Situation. 

18M. 

1867. 

I86H 

■  h 

Hi 

° 

1 

Dm. 
31. 

30.' 

■'l^' 

*■ 

Dec. 

31. 

M«r. 

SI. 

-J 

1 

"S. 

10 

Newdegate-Btreet       4-54 

4-74 

4-86 

471 

T^, 

4-72 

4-68 

■20 

Parlt-rww       4'IQ 

4-37 

4'49 

4-554-47 

5-00 

4'f.O 

80 

Wilford-road        :4-69 

^■02 

5'05 

rf20!4'88 

4-90 

4' 95 

40 

Canal-Btreet         8-70 

419 

4  49 

4'87 

4-56 

1-45 

4-87 

r.O 

Robin  Hood-street     4'28 

4-46 

4'e8 

G'20 

464 

4'&8 

4.64 

60 

4-36 

4-86 

4-87 

4-88 

16B 

4.67 

70 

Ktoney-atreet       '4'3B 

4-r>6 

4-68 

i-m 

4-ai 

1-27 

4-40 

Average  consumption  per  hour  o: 

the  above  7  lamps  during  each 

quarter  year        

4'27 

4-S5 

4'73 

4'e5 

4-61 

405 

4  flO 

Average  conaumption  per  hour  of 

the  12  metered  iampa  within 

the  town  ot  Nottinghaiii  during! 

each  quarter  year      ■4'82 

4-S4 

4-71 

4-86 

469 

1-68 

4*6^ 

of  any  of  the  72  metered  lamps 

withiii  the  town  of  Nottingham 

during  eacli  ijuarter  year 

4'86 

5S 

6-24 

086 

5-29 

5-27 

Minimum   consumption  per  houi 

of  any  of  the  72  metered  lamps 

within  the  town  of  Nottingham 

during  each  quarter  jear 

3-70 

'■" 

4-11 

»22!4-16 

4-27 

~ 

CHAPTER  XVI. 


TOKCH   LiaHTIN-d   AND   EXTINOtHSHINO. 

This  syatoni   which,  since  ita  introduction  into  Englaiut   ' 
a  comparatively  short  time  since,  has  been  constantly  in- 
creasing in  favour,  is,  however,  no  new   thing,  for  on  the 
Continent  it  has  been  practised  for  a  very  long  time. 

However  it  may  have  aucceeded  there,  it  was  neverthe- 
less clearly  unsuited  to  the  system  of  lighting  adopted  in 
this  countiy,  until  the  application  of  governors  and  steatite 
burnei-s  to  street  lamps.  With  these  impiovementa  it  is 
found  to  woik  uncommonly  well,  because  a  simple  move- 
ment is  all  that  Ls  necessary  to  turn  on  the  gas,  which 
requires  no  adjustment,  and  if  the  lamplighter  brushes  his 
burners  whe:i  he  cleans  the  lamps,  he  may  confidently 
depend  upon  the  shape  of  the  flame  being  always  good. 
The  tuining  ort'  of  the  gaa  has  for  many  yeara  been  done 
almost  everywhere  with  the  aid  of  a  stick,  and  to  this 
cause  may  be  traced  the  almost  universal  loss  of  one  nr 
more  of  the  bottom  glasses  which  ought  to  be  found  in 
every  street  lantern. 

A  proper  amount  of  ventilation  is  necessary,  or  the 
lanterns  would  soon  fall  to  pieces  from  the  heat  generated 
by  the  combustion  of  what  is,  considering  the  size  of  tho 
chamber  in  which  it  is  consumed,  a  very  large  quantity  of 
gas ;  but  no  one  who  sees  the  flames  blowing  about  in  the 
manner  they  do  can  reasonably  say  that  the  best  way  of 
ensuring  that  result  is  attained  by  the  absence  of  the 
Iwttom  of  tho  lantern.  It  is  very  probable  that  the  low  of 
gas  and  consequent  less  of  light  caused  by  this  strong 
draught  would  compensate  in  a  very  short  time  for  the 
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expense  of  putting  in  the  bottoms  and  keeping  them  in 
proper  repair.  In  Paris  the  gas  company  has  hecome  so 
Btrongly  convinced  of  this  fact  that  they  have  gone  to  a 
very  considerable  expense  in  fitting  to  the  lanterns  an 
arrangement  of  plate  glass  mounted  upon  a  brass  swivel 
fixed  on  the  supply  pipe,  which  is  opened  and  closed  hy 
the  lamplighter  when  ho  lights  the  lantern,  the  liolc 
through  which  the  supply  enters 
the  lantern  being  carefully 
stopped,  if  not  by  the  arrangt. 
ment  just  spoken  of,  then  bj 
putty. 

The  torch  -  lighting  system 
rcfjuires  but  little  explanation 
and  is  as  follows,  viz.: — 

The  lamplighter  is  providtd 
with  a  torch  (Fig.  145),  which  is 
simply  a  small  lamp  in  a  lira-is 
case,  the  top  part  of  which  is 
drilled  full  of  holes  to  admit  air 
to  the  flame,  but  so  guarded  by 
an  inner  screen  that  the  wind 
or  a  violent  motion  in  carryin^; 
it  about  will  not  extinguish  it 
and  mounted  upon  a  light  stail 
varying  in  length,  and  joint  i 
or  not  as  may  be  requir  I 
With  this  he  hits  the  lever  I 
the  cock  (Fig.  146)  on  en 
side  to  turn  it  on  and  the  oth 
to  shut  it  off.     There  is  a  little  '''*'  '""' 

hole  at  the  top  of  the  torch  which  projects  a  ray  of  li;,'ht 
upon  the  lever  suflicient  to  enable  the  lighter  to  liml  it 
upon  a  dark  night. 

NoTB, — Oq  rainy  nighta  tbe  toroh  abould  not  be  carried  perfectly 
□pright,  or  B  drop  of  rain  falling  into  this  small  hole  may 
estinguiah  the  light. 
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I m mediately  tlic  cock  is  turned  mi  the  torch  alips  off  tbe 
lever,  ami  striking;  the  glass  Hap,  which  is  hung  on  a 
piece  of  brass  tube  soldered  along  the  back  of  the  frame 
of  the  lamp  into  which  it  fits,  lifts  it,  and  passing  up 
ignites  the  gas  immediately;  the  torch  being  withdrawn 
the  flap  falls  of  itself. 

It  is  obvious  that  to  ensure  the  success  of  the  system, 
and  prevent  ]oss,  of  gtis,  it  is  essential  that  the  stops  of  the 
cocks  should  be  sufficiently  strong  to  withstand  the  con- 
tinual blows  of  the  torch. 


FiE-  146- 

Levev  C'tcks  fur  Luvje  nrnl  Small  i«mj*p.— These  cocla 
are  fitted  with  stout  knobs  at  the  ends  of  the  levers,  t 
witli  a  pointer  to  indicate  whether  the  gas  is  off  or  on. 

Triple  Letxr  Cock  for  Larje  Lamps  (Fig.  1 40), — This  was 
invented  for  tbe  purpose  of  facilitating  the  lighting  and 
extinguishing  lamps  in  which  it  is  required  to  reduce  the 
cunsumption  of  yas  after  midnight. 

When  the  full-power  lighting  is  turned  on  the  pointer 
(Fig.  14(i)  is  upright. 

When  the  midnight  supply  is  on  the  pointer  is  turned  in 
the  direction  of  the  I'lbow  carrying  that  supply  pipe.     When 
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tlif  pointer  Is  turiR'il  in  tin-  iijjpositf  LlircL-tioii,  il.  iinliniti'S 
that  tliu  gas  is  entirely  sliut  dH'. 

In  the  case  o£  large  lamp.s  in  wliich  it  is  required  to  Ijavo 
a  reduced  consumption  of  gas  after  certain  hours,  and  in 
addition  to  that  a  flash-light  which  is  always  burning,  tlie 
arrangement  represented  in  Fig.  147  has  pi-ove<l  the  most 
satisfactory.  This  enables  the  lamplighter  to  have  the 
main  ring,  or  cluster  of  flame-s,  alight  without  the  centre 
one. 

Fuulger  Patent  Torch  (Fig.  148).— One  of  the  moat 
modern    and    natisfactnry  torche'i  was  introduced  to  meet 


the  requirements  of  the  incandescent  sj-stem  of  street 
lighting.  By  its  means  flash-lights  and  flap-doors  are 
abolished,  thus  eflecting  a  considerable  saving  in  the 
mantles. 

Fig.  148  shows  a  special  lantern  to  be  used  with  the 
torch,  the  essential  leatuvc  of  wbicli  is  the  ball-trapped 
door  introtliiced  by  Mr.  Sugg.  The  torch  designed  by 
Mr.  Foulger,  as  it  enters  the  door,  pushes  the  ball  to  one 
side,  and  when  the  torch  is  withdrawn  the  ball  returns 
down  the  inclined  plane  and  clost's  the  opcninjj.     The  rod 
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of  tlio  torch  iH  fitted  witli  a  sliding  device,  which  is  gripped 

hy  the  hand  and  pidled  dmvnwards  wlicn  the  gas  is  to  be 
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lit.      This    action   releases   the    spirit    lamp,    which    then 
incltQes  over  the  mantle  anil  lights  the  gas. 

The  Simmance  iiiul  Ahady  System  of  Li'jldiiig  Incan- 
(Itacent  Street  Lainpn. — Thia  consists  of    two   forms,  one 


i 


Fig.  I«9,  Fig.  160. 

(Fig.  liO)  beiny  a  siwcial  tnplc-portcJ  cock,  with  a  shurL 
tube  running  up  tlie  corner  of  the  lantern,  and  which  tube 
is  perforated  for  a  jot.  The  ordinary  lamplighter's  torch  is 
used  to  turn  the  cock  half  on,  giving  gas  to  both  tho  jet 
tube  and  the  incandescent  burnor     The  torch  is  inserted  in 


£94 
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the  lantern  and  the  jet  lighted  (Fig.  150),  flashing  across 
and  lighting  the  burner.  The  cock  is  then  turned  full  on, 
which  extinguishes  the  jet,  leaving  the  burner  alight.  The 
second  form  is  a  special  torch  (Fig.  151)  which  contains, 
besides  the  ordinary  colza  oil  reserve  ir,  a  carburetter  con- 


Fig.  151. 

taining  brnzolinc.  The  vapour  of  this  latter  i^;  blown  across 
the  colza  tianie  by  a  sudden  pressure  of  the  hand 
on  the  flexible  cover  of  an  air  reservoir  in  the 
handle,  and  issues  at  the  side  of  the  torch  as  a 
pencil  of  ignited  gas,  some  (iin.  or  8in.  in  length.  Thus  the 
incandescent  burner  is  lighted  without  approaching  the 
torch   within  Sin.  of  the  mantle  (see  Fig.  lo2),  preventing 


Torch  Li'jht'nifj. 


296  forch  Lighting. 

the  accidents  which  occur  when  torches  are  approached 
within  an  inch  or  so  of  the  burner  in  the  endeavour  to 
li^ht.  This  S.  and  A.  torch  is  used  largely  in  England, 
and  most  of  the  incandescent  burners  in  Paris  and  Vienna 
streets  are  also  lighted  by  the  system. 
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CHAPTER  XVII. 

STREET  LIGHTING  TABLE. 

In  order  to  avoid  disputes,  it  has  always  been  necessary 
that  the  lamplighters  should  work  according  to  a  properly- 
constructed  lighting  table. 

These  tables  are  now  mostly  made  up  from  the  data 
given  in  the  Nautical  Almanack.  As  will  be  seen  by  an 
inspection  of  the  various  curv^es  given,  such  tables  can  only 
be  accurate  for  certain  places. 

By  the  use  of  Mr.  Sugg's  lighting  diagrams,  extended 
and  rendered  applicable  to  all  parts  of  the  world  by  Mr.  Jas.  T. 
Brown,  accurate  tables  may  be  constructed  for  any  part  of 
the  globe.  The  curves  on  the  accompanying  Diagrams  F  and 
G  have  been  calculated  from  astronomical  data.  The  horizon- 
tal lines  are  at  intervals  of  one  week,  and  the  perpendicular 
lines  represent  the  hours  of  the  day  and  night.  The  curve 
which  crosses  and  re-crosses  the  noon  line  shows  the  irre- 
gularity in  the  sun's  time. 

The  following  are  the  places  to  which  the  various  curves 
refer : — 

CufiVES. 

Ko.  1.    Lat.  64^  North.— 

Norway,  N.  of  Christiana.        Russia,  N.  of  St  Petersburg 
Sweden,  N.  of  Stockholm. 

No.  2.    Lat.  58°  North.— 

Scotland.  Russia,  N.  of  Warsaw. 

England,  N.  of  York.  Denmark. 

Ireland,  N.  of  Belfast*  Norway,  S.  of  Christiania. 

Russia,  S.  of  St.  Petersburg.  Sweden,  S.  of  Stockholm. 


soo 
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No.  3.    Latitude  of  London. — 

England,  S.  of  York. 

Ireland,  S.  of  Belfast. 

BuBsia,  S.  of  Warsaw. 

France,  N.  of  Bordeaux. 

Belgium. 

Holland. 

No.  4.    Lat.  85«  North.— 
Spain. 

France,  S.  of  Bordeaux. 
Portugal. 
Italy,  S.  of  Turin. 
Turkey. 
Turkey  in  Asia. 
Persia. 


Switzerland. 

Canada. 

United  States,  N.  of  Oregon. 

Austria. 

Germany. 

Prussia. 

Egypt. 

Algeria. 

United  States,  S.  of  Oregon. 

Greece. 

India,  N.  of  Allahabad. 

China. 

Japan. 


No.  5.    Lat.  14°  North.— 

India,  S.  of  Allahabad. 
Africa  -!  ^-  of  Equator. 
I S.  of  Egypt. 

— Equator — 

Xo.6.    Lat.  14°  South.— 
Northern  Australia. 

Africa  -  ^'  ^^  *^®  Equator. 
(N.  of  Cape  Colony. 


South    America,    N.     of     the 
Equator. 

Canton. 


S.  Ameiica 


'  N.  of  Bio  Janeiro. 
( S.  of  the  Equator. 


No.  7.    Lat.  35°  South.— 
Southern  Australia. 
Cape  Colony. 

No.  8.    Lat.  49°  South.— 
Cape  Horn. 
Tasmania. 


S.  America-, 


^  S.  of  Bio  Janeiro. 


i  N.  of  C.  Corriento. 


New  Zealand. 


In  order  to  impress  more  firmly  the  fact  that,  while 
countries  north  of  the  equator  are  having  long  days,  those 
south  of  the  equator  are  having  long  nights,  the  table  may 
be  divided  into  two  portions  at  midsummer.  The 
numbers  at  the  bottom  of  the  curves  will  then  show  that 
their  relative  positions  are  reversed. 

In  the  arrangement  on  the  diagrams  the  spaces  between 
the  curves  of  the  same  title  indicate  the  length  of  the  day 
in  various  parts  of  the  world,  as  enumerated.     The  reversed 
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order  points  out  to  the  gas  engineer  the  number  of  hours  of 
darkness  under  various  circumstances  of  time  and  place,  and 
enables  him  to  construct,  on  an  accurate  basis,  a  lighting 
table  suitable  to  the  requirements  of  the  locality. 

Roughly  speaking,  the  hours  between  sunset  and  sunrise 
amount  in  the  course  of  a  year  to  4300,  and  some  vestries 
make  their  contracts  for  public  lamps  on  this  basis.  The 
majority,  however,  take  advantage  of  the  twilight  and  dawn, 
especially  during  May,  June,  and  July,  and  by  lighting  later 
and  extinguishing  earlier,  they  reduce  the  number  of  hours 
to  3940.  Some  reduce  the  number  of  hours  of  lighting  to 
3836,  while  some  even  adopt  the  rule  of  lighting  half-an- 
hour  after  sunset  and  extinguishing  one  hour  before  sunrise, 
thus  bringing  the  total  down  to  3760. 

In  country  districts  the  moon  is  often  taken  into  considera- 
tion. In  those  parts  the  instructions  are  that  the  lamps  are  to 
be  lighted  one  hour  before  the  moon  sets  and  extinguished 
one  hour  after  the  moon  rises.  This  rule  only  gives  about 
2300  hours  of  lamplight. 

The  following  table  gives  the  monthly  totals  of  lamplight 
for  the  yearly  totals  of  4300,  3940,  and  3830  hours  at  all 
places  mentioned  under  curve  3. 


Table  XLV 

• 

H.    M. 

Ha        M« 

H.        Mi 

January 

...    484-2     ... 

•  •  • 

4660    ...     . 

..     457-13 

February     ... 

"...     897-45  ... 

•  •  • 

878-16  ...     . 

..     370-16 

March 

...       O  id  'OO    •  >  • 

•  •  • 

846-59  ...     . 

..     838-12 

April 

...     303-54  ... 

•  •  • 

269-6     ... 

..     260-35 

May 

...     260-23  ... 

•  •  • 

211-23  ... 

...     202-36 

June 

...     224-81  ... 

•  •  • 

174-55  ... 

...     166-25 

July 

...     24618  ... 

•  •  • 

19915  ... 

...     190-28 

August 

. . .      ZV74  *  JL      ... 

•  •  • 

254-58  ... 

...     24611 

September  ... 

...     341-54  ... 

•  •  • 

310-53  ... 

...     802-23 

October 

...     414-41  ... 

•  •  • 

39714  ... 

...     888-27 

November    ... 

...     45457  ... 

•  •  • 

444-32  ... 

...     436-20 

December    ... 

...     501-69  ... 

•  •  • 

486-30  ... 

...     477-36 

4300  0 


3940-0 


3836-24 
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But  the  distribution  of  those  hours  over  the  month  is  a 
matter  of  considerable  importance  if  it  is  desired  to  avoid 
the  absolute  waste  of  gas  which  must  result  from  the  use  of 
defective  lighting  tables,  not  coastructed  on  proper  astro- 
nomical data. 
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CHAPTER    XVIII. 

EFFECTS     OF    IMPROVED     METHODS    OF     LIGHTING     BY     GAS. 

Saving  Effeded  hy  Improved  Methods  of  Illumination. — 
It  is  exceedingly  difficult  to  obtain  reliable  statements  as 
to  the  effect  of  improved  systems  of  artificial  illumination 
in  consequence  of  the  many  factors  entering  into  the 
question.  It  is  therefore  with  peculiar  pleasure  that  the 
writer  is  able  to  point  to  the  following  extracts  from  the 
official  report  of  the  Asylums  Committee  of  the  London 
County  Council,  in  which  the  excellent  engineer  of  the 
Committee,  Mr.  Wm.  Chas.  Clifford  Smith,  M.I.C.E.,  reports 
the  results  of  alterations  carried  out  by  him  on  the  lines 
of  previous  reports  made  by  the  writer  in  his  former 
official  capacity. 

Extract  from  "  The  Tenth  Annual  Report  of  the  Asylums 
Committee  and  the  Sub-committees  of  Banstead,  Cane  Hill, 
Claybury,  Colney  Hatch,  Hanwell,  the  Heath  (Bexley), 
and  Horton  Asylums."  London  County  Council,  No.  44?1. 
1899. 

Page  55  : — Portion  of  "  Asylums  Engineers  Report 
to  the  Sub  -  committee  of  Cane  Hill  Asylum,  April, 
1899." 

"  Gas  Consumptiov. — A  small  addition  to  the  number  of 
incandescent  burners  has  been  made  in  the  year,  there 
being  910  now  in  use,  against  832  when  I  last  reported. 
While  the  lighting  gives  full  satisfaction,  the  gas  bill  con- 
tinueg    to    decrease.     The   following    return    shows  very 
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clearly  how  the  extended  use  of  the  special  burners  has 
affected  the  consumption  of  gas : — 

Four  quarter  ended-  ^Q^Tm^: 

Lady-day,  1895,  ordinary  burners,  and  6  incan- 
descent burners  in  use 18,105,090 

Lady-day,  1896,  ordinary  borners,  and  450 incan- 
descent burners  in  use 12,247,070 

Lady-day,  1897,  ordinary  burners,  and  742  incan- 
descent burners  in  use 10,656,000 

Lady-day,  1898,  ordinary  burners,  and  882  incan- 
descent burners  in  use 10,880,710 

Lady-day,  1899,  ordinary  burnerp,  and  910  incan- 
descent burners  in  use 9,457,920 

It  is  to  be  borne  in  mind  when  comparing  the  returns 
that  the  incandescent  burner  displaces  at  least  one  ordinary- 
burner  and  frequently  several,  but  in  eveiy  case  an  im- 
provement in  the  lighting  is  obtained.  This  was  and  is 
the  sole  object  of  the  change.  The  total  saving  effected  by 
the  decrease  in  gas  consumed  for  the  period  under  review, 
in  comparison  with  the  expenditure  for  gas  in  1894-5,  is 
as  follows : — 

£      8.     d.        £    g.    d. 

3,047,170  cubic  feet  gas  (decreased  con- 
sumption)        418    6    5 

Account  for  burner?,  raantles,  rode, 

chimneys,  &c 176  11    9 

Wages  of  fitter,    52    weeks  at  36s., 

engaged  in  attending  to  lighting    93  12    6    270    4    8 


Clear  saving    ^143    2    2 

The  effect  of  improved  methods  of  street  lighting  by 
means  of  the  Welsbach  system  is  well  illustrated  by  the 
following  two  most  valuable  reports  made  by  Mr.  C.  R. 
Bellamy,  Assoc.  M.  Inst.  C.E.,  the  able  City  Lighting 
Ei.gineer  of  Liverpool.  Reporting  on  the  23rd  July,  1897, 
Mr.  Bellamy  stated  that : — 

The  incandescent  gas  burner  (Welsbach  patent)  came  into  practical 
use  in  1893,  and  was  first  adopted  in  Liverpool  for  street  lighting  pur- 
poses in  May,  1891.     The  advantage  offered  by  this  forni  of  bvim^r 
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was  a  much  higher  light  efficiency,  developing  in  Liverpool  a  luoxi- 
inuiu  of  20  can  dies  per  foot  of  gae.  as  compared  with  font  candles  with 
the  best  type  of  ordinary  flat-flfinic  burner.  For  comparative  purposes 
it  ia  necesear;  to  base  calculatioDS  on  a  mut^h  lower  efficiency,  aa  in 
practice  it  is  found  that  there  is  a  continuous  depreciation  of  the 
mantle  during  use.  A  large  number  of  tests  of  new  mantles,  and 
those  that  have  been  in  use  for  varying  periods  between  one  and  nine 
months,  show  that  an  average  efficiency  of  13  candles  throughout  the 
useful  life  of  the  mantle  may  be  assumed. 

On  this  calculation  the  incandescent  gas  burner  is  shown  to  yield 
more  than  three  times  the  light  of  the  ordinaty  Hat-flame  burner  con- 
suming the  same  amount  of  g&e.  The  first  experiment  on  a  large 
BCEile  in  Liverpool  was  carried  out  in  Lime-street,  where  lOJ  buiners 
were  fixed  in  the  then  exiatiug  high-power  lamps,  in  clusters  ot  two  or 
three,  in  place  of  flat-flame  burners.  The  gas  consumption  under  the 
flat-llaiue  system  was  exceedingly  high,  amounting  to  4,291,310ft.  per 
annum,  which  was  at  once  reduced  by  the  adoption  of  the  incandescent 
gas  burner  to  040,0-llft.,  effecting  a  saving  in  the  gas  charge  of 
£502  13b.  lOd.  per  annum. 

The  disadvantages  attending  the  use  of  the  incandescent  gas  burner 
were  principally  the  difiiculty  in  lighting  the  burner  surrounded  by  a 
glass  chinmey,  and  the  fragility  of  the  mantle,  rendering  frequent 
replacements  necessary.  Owing  to  the  unsuitable  construction  of  the 
Lime-street  lamps  it  was  found,  as  the  result  of  a  year's  working,  that 
each  burner  required  on  an  average  the  following  renewals,  viz, : — 
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amounting  in  the  aggregate,  under  the  then  existing  prices,  to  an 
annual  maintenance  chai^  (including  a  labour  item  of  Is.  r>d,)  of 
203,  Sd.  per  burner. 

At  that  time  the  most  approved  method  of  lighting  was  by  means 
of  a  smflll  by-pass  or  pilot  light,  provided  within  the  mantle,  which 
remained  lighted  during  the  day,  for  the  purpose  of  igniting  the  main 
enpply  when  turned  on  by  the  lamplighter  at  lighting  time.  It  was 
found,  however,  in  practice,  that  these  pilot  lights  were  unreliable,  a 
proportion  of  them  becoming  extinguished  during  the  day,  necessi- 
tating a  special  visit  of  the  lamplighter  with  a  ladder  after  completing 
the  lighting  ot  his  district,  Added  to  this  was  the  deterioration  of  the 
mantle  duo  to  its  use,  and  the  cost  of  the  maintenance  of  the  pilot 
light,  the  consumption  of  gas  for  the  purpose  being  assessed  at  '26ft. 
per  hour,  which  amounted  to  an  annual  consumption  of  1428  cubio 
feet,  involving  an  addition  to  the  ordinary  lighting  charge  (with  gu 
at  3b.  per  1000)  of  4s.  8d.  per  burner  per  annom. 

It  waa  therefore  foupd  that,  under  the  closest  supervision,  the 


Livo-pool  Rfsulta. 


nneveis  and  the  Additional  gas  (oi  tfae  pilot  light  involved  an  aggre- 
gate annual  charge  of  ^1  4b.  Od.  per  burner  in  excess  of  the  ordinary 
gas  burner,  which  was  regarded  as  unsatisfactory. 

Efforts  were  made  to  reduce  this  charge  bj  abolishing  the  pilot 
light  and  lighting  the  burner  by  means  of  a  match  end  ladder.  Thia 
was  found  both  coatl;  and  inconvenient  to  the  public,  and  further 
efforts  were  made  to  obtain  a  lamp  in  which  the  burner  ebonld  be  aaed 


Flf.  153. 


under  the  beat  conditions  in  respect  of  ventilation,  suitability  of 
position,  freedom  from  vibration,  and  capable  of  being  lighted  by  the 
lamplighter  in  the  same  way  as  the  ordinary  lamp,  viz.,  by  means  of 
a  torch  and  pole. 

This  resulted  in  the  productioQ  of  the  lamp  at  present  in  use,  which 
is  shown  on  the  accompanying  drawings,  where :— A  (Figs.  168 
to  155)  ia  tlie  air  inlet.  B  the  ventilating  top.  C  the  lighting  doors, 
two  being  provided,  fixed  in  line  with  the  street,  to  enable  the  lamp- 
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ligbtier  to  UBS  the  door  on  the  side  of  the  lamp  oppoaile  to  the  direc- 
tion of  the  wiod,  the  lamp  being  lighted  by  IhniHting  the  torch  through 
the  lighting  door  into  the  box  marked  K,  where  the  gas,  escaping 
through  the  chimney  L,  is  lighted.    D,  cleaiuDg  door  with  look. 

Aa  all  the  products  of  oombnstion  are  canted  by  means  of  the 
ohimnays  into  the  lighting  box  beyond  the  glazed  portion  of  the 
lantern,  internal  cleaning  is  necessary  onlyat  long  intervals.   Frequent 


acoesB  is  therefore  not  required,  and  the  locking  of  the  door  prevents 
Interference  vith  the  hamers,  E,  BuBpension  platform.  F,  suspen- 
•lon  wires  and  Bpringa. 

The  spriagB  permit  of  the  platform  being  depressed,  which  draws 
the  glass  chimney  ont  of  the  copper  chimney  and  permits  of  the 
renewal  of  the  parts  withont  disconneoting  the  platform  E.  O, 
flexible  tubes.  H,  three-way  cook,  for  double-burner  lamp.  This  is 
go  arranged  that  either  or  both  of  the  hnraerB  may  be  nsed,  the 
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practice  being  to  light  both  until  midnight,  and,  with  weekly  altema- 
tiona,  one  of  the  burners  reEaoining  lighted  until  daybreak.  I, 
enamelled  steel  leSector,  acLingaa  a  baJHe  plate  to  the  freah  air  supply. 
J,  opal  glass  rellectors.     M,  wire  gauze  cnp  to  prevent  back  lighting, 

It  has  been  stated  at  various  timea  that  the  lighting  oi  a  burner  o' 
the  chimney  is  detrimental  to  the  mantle,  but  it  has  been  found  i 
Liverpool  to  be  a  distinctly  beneficial  process,  as  it  does  away  with  a 
continuous  passage  ot  air,  laden  with  the  products  o(  coiaboBtion 
arising  from  a  luminous  flame,  and  the  dustof  the  atmosphere,  due  to 
the  ate  of  the  by-pass  jet  within  the  mantle  during  the  hours  ot  daj- 

TaBLb  XLVI. 
iling  PowtT  TetU  qf  iMondaeent  Gai  itastln  Jttwuitil  fnm  DulneL 
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3  Gubio  feat  per  hi 

light,  and,  as  a  subseqaent  table  shows  that  a  number  of  mantles  hare 
been  in  use  under  this  system  for  nine  months,  or  2341  hours,  with 
an  average  efBclency  at  the  end  of  this  time  of  1039  candles  per  foot 
of  gas,  it  must  be  admitted  that  this  system  of  lighting  is  beneficial  to 
the  mantle,  and  is  the  most  satisractory  yet  adopted.  - 

There  are  now  1783  burners  in  use,  out  of  a  total  ot  2051  ordered  by 
the  Committee  to  date  ;  in  901  of  these  lamps,  882  being  fitted  with 
double  and  10  with  single  burners,  the  total  work  ordered  to  date 
dealing  with  IQ  miles  of  streets.  A  large  number  have  been  subjected 
to  most  severe  tests,  extending  through  the  stormy  autumn  and  spring 
of  le9(i-7,  in  positions  embracing  many  of  the  streets  of  maximum 
heavy  vehicular  treiific  and  exposure. 

It  was  thought  desirable  not  to  allow  the  lamplighters  to  undertake, 
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the  renewals  of  mantles,  kc,  and  an  inspector  has  been  appointed, 
whose  duly  it  ie  to  visit  each  oC  the  lamps  two  or  three  UmoB  n  neck, 
under  a  carefully- organised  route  table,  during  the  lighting  hours,  and 
to  report  daily  upon  the  condition  of  the  lamps  and  as  to  requisite 
renewals,  which  are  ultimately  carried  out  by  an  experienced  and 
independent  fitter. 

This  special  supervision  and  treatment,  though  most  effective,  adds 
2i.  per  annum  to  the  maintenance  charge  per  burner,  and  it  is  hoped 
that  ultimately  it  ^^ilI  be  found  practicable  to  transfer  tbe  work  to  the 
ordinary  lampllghting  staff  under  a  greatly  reduced  charge. 

A  carefully  prepared  register  has  been  kept  of  each  burner,  showing 
the  date  of  Gxing  and  all  subsequent  renewals,  &c. 

An  Analysis  of  this  has  been  made,  which  shows  that  a  considerable 
number  of  mantles  have  been  in  use  for  over  six  months,  and  others 
for  seven,  eight,  or  nine  months,  without  requiring  renewal.  A 
number  of  these  have  been  brought  in  for  photometric  tet-ting,  with 
the  results  given  in  Table  XLVI. 

As  already  pointed  out,  the  mantlee  in  use  for  nine  months  ehow 
an  average  lamp  hour  lite  to  date  of  S341,  whilst  tbe  average  useful 
life  of  the  mantle  over  the  whole  of  the  system  is  found  to  be  1137 
lamp  hours.  The  average  annual  renewals  pet  burner  have  worked 
out  as  follows  ;^ 

Mantles 2'8 

Chimnoya 2-3 

MdDtlBrods      ,',     .  .        0'23 

al  a  cost  of  3s.  lid.,  to  which  is  to  be  added  the  cost  oE  supervisioti 
and  labour  of  2s.  per  burner,  making  a  gross  anntial  charge  of  5e.  lid. 
in  excess  of  the  ordinary  flat-fiame  burner,  as  compared  with  ill  4s,  6d. 
under  the  first  system,  being  a  reduction  of  76  per  cent,  in  the  main- 
tenance charge  of  the  incandescent  gas  burner  due  to  the  adoption  of 
the  new  lamp. 

For  the  purpose  of  enabling  the  Committee  to  arrive  at  an  estimate 
of  the  relative  value  of  the  present  incandescent  gas  lamp  as  compared 
with  tbe  ordinary  fiat-flame  burner  lamp,  tbe  following  Table  XLVII. 
of  the  first  cost  and  annua!  maintenance  has  been  prepared  : — 

TAfiLB  XLVII. 
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per  anaum.       puwer. 

£    a.  d.         candlea. 

2  3  11  £0 

3  8    3  40 
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Pint  cc 


']     Total 


310 


?.-/)« 
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The  above  figures,  nhich  are  ueeful  for  camparftttve  ptupoeea,  do 
not  supply  the  most  important  information,  viz, : — Tbo  cost  of  fixiog 
the  new  UmpB  in  lieu  of  the  existing  flat-fiame  burner  lamps,  which  is 
as  foIIowB,  viz. ; — 

£  !.    d. 

Djubleburner  lampj  .  1  11     fl 

SinglB-Lurner  lamp'^ .,         ....     1     1     5 

These  pricsH  are  lower  than  the  first  cost  in  the  statemeiit  ftbove, 
owing  to  the  credit  allowed  for  the  ordinary  Isiiup  Huperseded,  and 
Avbich  is  taten  into  stock  at  20  per  cent,  under  first  coat,  for  rc-fixing 
ill  other  parts  of  the  City.  This  has  rendered  the  further  purchase  of 
ordinary  liutips  unnecesaory. 

Though  the  experience  of  the  past  three  years  has  conclusively 
proved  that  the  incandescent  gas  burner  cannot  bo  used  with  com- 
plete suuccas  in  the  ordinary  forin  of  lantern,  and  therefore  a  eomc. 
what  heavy  first  expenditure  is  involved  in  the  adoption  ol  the 
eysteii),  the  subsequent  advantages  are  so  great  that  a  general 
exteOHiOQ  appears  irresiatible." 

I'VilIottiiii,'  till.'  above  report,  Mr,  Bellamy  further  reported 
on  December  9tli,  ISJIS:— 

Referring  to  the  resolution  of  the  Lighting  Conomittee  of  the  8th 
Juty  last,  instructing  the  Superiotendent  of  Street  Lighting  to  report 
upon  the  general  application  of  incandescent  gas  lighting  to  the  whole 
of  the  streets  of  the  City,  the  Committee  will  recollect  that  the  Super- 
intendent submitted  an  interim  report  on  the  subject  on  the  'ind 
September  last,  pointing  out  that  it  was  advisable  to  postpone  full 
consideration  of  this  matter  until  the  Welsbach  Incandescent  Gas 
Light  Company  hnd  completed  their  arrangements  for  placing  a  new 
scries  of  burners  upon  the  market.  The  Superintendent  has  since 
had  opportunities  of  fully  testing  these  burnere,  and  he  proposes  to 
adopt  the  one  known  as  the  "  York,"  which  is  practically  a  counter- 
part of  the  burner  at  present  in  use. 

In  dealing  with  the  future  lighting  of  the  City  it  will  he  useful  to 
review  what  has  been  accompliHbed  in  the  way  of  improvement  since 
the  Corporation  took  over  the  street  lighting  in  1894, 

To  this  end  a  comparison  can  best  be  made  with  the  conditions 
obtaiDing  in  1890 — a  year  uninfluenced  by  coal  or  labour  troubles, 
and  in  every  respect  comparable  with  the  present  conditions  affecting 
the  public  gas  supply,  excepting  that  the  selling  price  of  gas  was  Id. 
per  1000  cubic  feet  lower  than  at  present. 

In  that  year  the  total  number  of  lamps  of  every  description 
amounted  to  ILUDO,  lightmg  '2T6  miles  of  road,  and  17<il  courts.  The 
total  lighting  power  of  the  lamps,  assuming  the  full  standard  value 
of  the  gas  for  illuminating  purposes,  of  four  candles  per  cubic  foot, 
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(imounted  to  744,6il9,163  candJea,  the  total  cost  to  tbo  City  being 

iiao.ooo. 

In  1S94  it  wna  canhideccd  deiiii-abic  to  GxteDd  the  Hystem  of 
reducing  the  power  of  street  lamps  at  nildnigbt,  which  had  hitherto 
been  confined  to  the  special  lanipa  in  the  principal  streets,  to  the 
whole  of  the  Cit^'.  As  thia  matter  could  not  be  aatiefactorily  arranged 
witb  the  Gas  Company,  who  had  hitherto  carried  out  the  public 
lighting,  except  at  an  increased  cost,  it  waa  taken  over  by  the 
Corporation,  and  resulted  in  an  annual  saving  of  ^7000, 

Ib  ISOd,  as  a  result  of  negotiations  with  the  Gati  Company,  it  waa 
arranged,  under  Section  21  of  the  (jas  Works  Clauses  Act,  1871,  and 
in  accordance  with  the  general  custom  of  the  country,  that  the  gas 
for  public  lighting  should  bo  charged  at  a  lower  rate  than  for  ordinary 
purposes.  The  difference  waa  fixed  at  10  per  cent.,  reauUing  in  a 
further  reduction  in  the  bghting  charges  of  i:2oOO,  showiug  a  total 
reduction  of  X'9G0O.  In  the  same  year  it  was  decided  to  apply  the 
greater  portion  of  (his  amount  to  the  improved  lighting  of  the  City, 
and  the  follows  ing  work  has  been  acuoiupUshed:— 2Q-j  new  lamps  have 
been  fixed  in  old  streets ;  HIS  passage  lamps  have  been  fixed,  lighting 
the  back  entrances  to  20.607  bouses ;  '■i',  miles  of  road  have  been 
lighted  by  means  of  electric  arc  luuips,  and  T6|  miles  by  means  of 
incandescent  gas  lamps,  tbetotal  number  of  lamps  in  use  to  date  in 
the  old  City  amounting  to  11,646,  mtb  an  illuminaling  value  of 
1,165,886,047  candles,  and  at  a  cost  of  £36,012, 

For  the  purpose  of  calculating  the  candle-power  of  the  lampsi,  the 
lO-ampcre  arc  lamps  have  been  assessed  at  500  candles  each,  the 
incandescent  gas  lamps  as  yielding  an  average  light,  through  their 
average  life,  of  111)?  lamp-hours  of  13  candles,  and  the  ordinary  Sat- 
llame  bnrnera  at  4  candles  per  foot  of  gas. 

For  a  readier  compansan  tlic  figures  applying  to  the  two  years  arc  set 
out  ID  Table  XLVIII.,  whjob  ahows  that,  uotwithstandiag  HIS  additional 
lamps  bave  been  fixed,  and  the  aggregate  illuminating  power  of  the 
old  City  lamps  increased  by  56  per  cent.,  the  annual  charge  is  J8000 
per  annum  leas  than  in  1890.  It  will,  of  course,  be  understood  that 
the  increased  illumination  is  confined  to  the  160  miles  of  streets  and 
passages  that  have  been  specially  dealt  with  to  date. 
Table  XLVIH. 


CiBit £3y,000    K6,013 

In  ISdS  the  City  boundaries  were  extended,  adding  tS6  miles  of  road 
to  the  City,  of  wliich  119  were  lighted  bj  2788  gas  and  six  oil  lump^. 
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hftving  an  iUuminatiiig  veJue  of  187,614,884  ccmdlee,  &t  an  annual  cost,  1 
according  to  last  publiEbed  accounts,  oF  £7914  125.  6d. 

The  following  work  has  been  accoiupliahed  iu  the  added  areaK.  The 
annual  hours  of  lampligbt  have  been  increased  from  an  average  of  2907 
to  3330  ;  Bi  additional  miles  of  rood  have  been  lighted,  and  the  fallow- 
ing IjgurcB  show  the  past  and  present  illuminating  power  of  the  lamps 
and  the  ajinual  coRt,  and  from  which  it  n-ill  bo  seen  that  while  llie 
illuminating  power  of  the  lamps  has  been  iocreased  by  64  per  cent., 
and  the  hours  of  lamplight  by  15  per  cent.,  the  annual  maintenance  , 
charge  has  been  reduced  by  £67. 


No.  dI  UDpa    

MileiiBS     

t'tndle-power— milliotu , . . 

Out   .,.     


2,789 


.    £7,127 


In  the  period  1895  to  date,  £18,175  has  been  spent  on  new  work* 
embracing  electric,  iDcandescent  gas,  and  pasBage  lighting.  The 
preEent  estimates  provide  a  surplus  of  .£5100  for  similar  purposes. 

In  dealing  with  the  resolution  of  the  Committee  of  the  8th  Jaly  last, 
viz.: — "  That  in  view  of  the  success  of  street  lighting  by  nieanB  ol  the 
new  incandescent  gas  lamp,  the  Superintendent  of  Street  Lighting  be 
requested  to  report  on  its  general  application  to  the  whole  of  the 
City,"  the  buperintendent  may  point  out  that  about  one-uxth  (or  76 
miles)  of  the  total  mileage  of  the  City  is  now  lighted  by  incandescent 
gas  lamps,  the  greater  portion  of  which  are  in  main  roads,  and  are 
fitted  with  double  burners. 

In  a.  report  dated  29th  September  last  it  was  pointed  out  by  the 
Superintendent  that  future  cxtensionE  of  this  system  to  t)ic  secondary 
streets  could  be  dealt  with  by  single. burner  lamps,  and  that  tmder 
such  a  system,  while  the  illuminating  power  would  be  inci'eased  to 
midnight  by  146  per  cent.,  and  to  sunrise  by  178  per  cent.,  the  annual 
lighting  charge  would  be  reduced  by  Sb.  per  lanip. 

On  these  facts  it  might  be  argued  that  the  system  should  be  appUed 
generally  to  the  City  at  once,  but  the  S  u  peri  d  tend  en  t  would  point  oni  J 
that  while  during  the  past  three  years  all  new  works  have  been  cborgedil 
to  surplus  revenue  without  any  increased  charge  to  the  lighting  ratevT 
Buch  a  change   would   necessarily  involve  the  opening  of   a  capita 
account,  the  raising  of  from  £20,000  to  £25,000,  an  abnormal  extenuoB,! 
of  the  workshop  and  staff  of    the  Lighting  Department,  and  the! 
possibility  that  subsequent  improvements  in  incandescent  lighting^ 
would  either  be  lobt  to  the  Citj'  or  have  lo  be  paid  for  a  second  time. 
The  Superintendent  would  therefore  strongly  recommend  that  the 
system  be  extended  at  a  rate  which  the  surplus  funds  at  the  disposal 
of  the  Committee  will  cover. 

This  Ei^m  will  provide  for  the  equipment  of  asoolamps  in  (aeh  jei 
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the  work  to  be  carried  out  by  the  present  staff,  and  the  entire  iigbting 
of  the  City  by  means  of  incandescent  gaa  lamps  would  be  completed 
in  (our  jears,  at  the  end  ot  which  the  lighting  throughout  the  City 
would  be  incrCBBed  by  nearly  three  times  where  the  single  burner 
lamp  JG  adopted,  and  by  over  five  times  with  the  double  lamp,  with  n 
reduction  of  the  permanent  charges  of  between  iiSOOO  and  ^£4000. 

In  continuation  of  the  foregoing  reports,  Mr.  Bfllaiiiy 
prescnU'd  to  the  Electric  Power  and  Lighting  Coniiiiittoi.% 
on  the  18th  (.lay  of  October,  1901,  the  following  resu7ne 
of  the  work  accomplished  up  to  that  date : — 

The  City  Lighting  Engineer  begs  to  report  that  the  Committee 
han  now  approved  the  final  plan  in  connection  with  the  application  of 
incandescent  gas  lighting  to  the  whole  of  the  streets  of  the  City,  and 
it  may  be  useful  to  review  what  has  been  accomplished  eiace  the 
Bcheiue  for  the  re- arrangement  ot  the  City  lighting  was  approved. 

In  1H94  it  was  considered  desirable  to  extend  the  system  of 
redudng  the  power  of  street  lamps  at  midnight,  which  had  hitherto 
been  confined  to  the  special  lampa  in  the  principal  streets,  to  tha 
whole  ot  the  City,  The  lighting  and  maintenance  ot  the  lamps  were 
in  the  hands  of  the  Gas  Company,  who  could  not  see  their  way 
to  deal  with  the  matter  in  the  manner  suggested,  except  at  a  cost 
which  would  have  rendered  the  change  uneconomical. 

Under  a  report,  dated  November,  1893.  the  City  Lighting  Engi- 
neer recommended  that  the  work  ot  lighting  and  maintaining  the 
public  lamps  tbould  be  taken  over  by  the  Corporation,  and  an 
estimate  was  provided  showing  that  auch  a  change  would  result  in  an 
annual  saving  of  £7000  per  annum,  This  report  was  approved,  and 
after  experiments  in  various  parts  of  the  Citj-  the  change  commenced 
on  7lh  November,  1894. 

It  was  further  pointed  out  to  the  Committee  that  the  general 
practice  throughout  the  country  tfbs  for  gas  to  be  supplied  for  street 
lighting  purposes  at  a  lower  charge  than  to  ordinary  consumers,  and 
as  a  result  of  an  arrangement,  following  a  reference  to  arbitration, 
the  price  was  reduced  by  10  per  cent.,  resulting  in  a  further  reduction 
ot  the  lighting  charge  of  f2,i00  per  annum,  making  a  total  reduction 
of  i9300. 

In  November,  lli!l&.  it  was  detided  to  apply  the  greater  portion  of 
this  amount  to  the  improved  Ugbting  of  the  City,  and  schemes  for  the 
reduction  of  distances  between  street  lamps,  passage  lighting,  elec- 
tric lighting,  and  incandescent  gas  lighting  were  adopted. 

In  December,  1898,  the  Comnittee  decided,  on  a  report  of  the 
City  Lighting  Engineer,  to  app1,\  the  tystem  of  incandescent  gas 
lighting  to  the  whole  of  the  City,  the  extension  to  be  carried  out  at  a 
rate  which  Ihe  surplus  funds  at  the  disposal  of  the  Committee  would 
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permit,  which  was  estimftted  to  occupy  tour  years.  The  change, 
howcYer,  has  been  made  in  three  yeare,  leaving  in  the  present  year  a 
BurpluB  of  £1000  applicable  to  other  street  lighting  improvements. 

In  the  six  years  under  review  the  foUowitig  work  has  been  carried 
out  in  the  old  City  at  a  first  cobt  of  £3'2,U5ti :— UaS  new  lamps  have 
been  fixed  in  the  old  streets ;  928  passage  lamps  have  been  fined, 
lighting  the  bock  entraaces  to  21,461  bouseB  ;  \->'i  arc  electric  lamps 
have  been  erected  over  an  area  of  d\  miles  of  road  ;  S90U  incan- 
descent gas  lamps  have  been  fixed  o\er  248  miles  o£  road. 

The  total  number  of  lamps  in  use  in  the  old  City  amounts  to 
11,905,  with  an  aggregate  illuminating  value  of  2261i  niillionB 
of  candles,  at  an  annual  cost  for  lighting  and  muntenance  of 
^'36,187  lis.  8d.,  the  illuminating  power  being  estimated  as  follows  — 
lO-ompure  electric  arc  lamps,  000  candles ;  incandescent  gas,  40 
oondles  per  burner;  and  ordinary  flat  flame,  at  16  candles. 

For  comparison  the  figures  applying  bo  the  years  189il  to  1901  have 
been  tabulated  (see  Table  XI.IX.). 

The  year  1808  is  the  last  iu  whicii  the  Gas  Company  had  entire 
control,  and  it  will  be  seen  on  refereace  to  the  table  that  the  coat  of 
lighting  for  tbab  year  was  £40,8ti0  12e.  Id.  On  the  1st  January, 
1894,  tlie  Corporation  look  over  the  lighting.  &c.,  of  the  special 
lamps.  The  following  November  the  first  batch  of  ordinary  lamps 
was  transferred  to  the  Corporation,  and  by  the  end  of  December  the 
whole  of  the  lighting  of  the  City  was  in  the  hands  of  the  Committee. 
In  addition,  the  reduction  of  the  charge  for  gas  came  into  oBect  on 
the  1st  January,  18Qf>,  which  brought  the  lighbtng  and  maintenance 
charges  for  that  year  down  to  i'36,167.  The  figutes  for  1894  and 
189J  do  not  agree  with  the  published  accounts,  as  in  the  former  year 
the  gas  bill  was  only  paid  for  three  r^uarlers,  and  in  the  latter  year 
for  five  'quarters. 

Comparing  the  aggregate  lighting  of  the  City,  it  will  be  noticed  that 
the  illuminating  power  of  the  lamps  has  been  increased  before  mid- 
nigbt  from  466j  million  candles  to  loTfi|  million  candles,  or  nearly 
four  times ;  after  midnight  from  304^  million  candles  to  085  million 
candles,  or  more  than  double,  whilst  the  total  charges  have  fallen 
from  i;40,689  in  1893  to  £89,587  in  the  present  year  Ithe  last  three 
months  being  an  ample  estimate),  or  a  reduction  of  £130'2. 

In  189^  the  City  boundaries  were  e:(tended,  adding  138  miles  of 
road  to  the  City,  128  miles  of  which  were  lighted  by  2783  gas  and  six 
oil  lamps,  having  an  aggregate  illuminating  value  of  \iyi\  million 
candles,  at  on  aimual  cost  of  £7194  12s.  8d. 

The  following  work  has  since  been  accomplislaeJ :— The  annual 
hours  of  lamplight  have  been  increased  from  an  average  of  2907  to 
it;i77  ;  1-ij  additional  miles  of  road  have  been  lighted,  involving  the 
erection  of  704  new  lamps  ;   133  miles  of  road  have  been  lighted  by 
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means  oF  33ri9  incandeECEnt  gaa  l&mps,  chieHy  in  lieu  of  ordiosf 

The  aggregate  illuminating  power  of  tbe  UmpH  has  been  increoEeA  ] 
as  follows : — Before  midnight  Irom  70  million  to  i)07  million  c 
after  midnight  from  67  millioa  to  2'25i  million  candles, 

ThcEe  figures  indicate  an  increase  in  the  lighting  value  of  5  j  times 
to  midnight,  and  !i  times  from  midnight  to  sunrise,  which  has  been 
secured  under  an  additional  annual   expenditure  of  JE706,  or  10  per 

Tbe  followin  g  table  L.  gives  the  total  charges  lor  all  purposes  of  public 
lighting  for  j-cars  1S93  to  1901  inclusive,  uhich  shows  that  the  total 
cost  of  public  lighting  throughout  the  old  City,  including  passage 
lighting,  and  an  average  total  increase  in  the  aggregate  lighting  of 
over  200  per  cent.,  is  costing  less  than  in  IttdU.  Deleting  the  expen- 
diture on  the  first  cost  of  installiog  incandescent  lighting,  the  actual 
reduction  is  ^£4702. 

Table  L.  I 


Year. 

I 

jllI 

lit 

Hi 
III 

Hi 

"fi 

If 

£ 

£ 

£ 

e 

£ 

£ 

£ 

£ 

1E93 

S9,BS9 

- 

1000 

- 

- 

- 

- 

40.E8B 

1EM 

«.87a 

ICOO 

1477 

- 

- 

- 

- 

44,U6 

18M 

31,04] 

2430 

2096 

- 

- 

- 

- 

86,187 

IBM 

30,006 

1701 

1879 

BCO 

tm 

- 

ICOO 

35.BR6 

1887 

81,301 

2K0 

2076 

BM 

8sa 

3KK) 

1972 

42.S32 

HSS 

31,866 

■JMS 

2136 

- 

roo 

2000 

3S00 

42.645 

1(» 

30,477 

%1E 

2039 

- 

- 

- 

7400 

41,931 

1900 

81.$39 

12C1 

2)gl 

- 

- 

- 

4000 

41,381 

IDOl 

31.1f7 

2000 

3C0O 

- 

- 

- 

3400 

89,687 

As  already  pointed  out,  tbe  Committee  has  now  at  its  dispOBal  & 
surplus  of  iElOOO  for  use  in  the  present  year,  and  there  will  be  rd 
available  surplus  next  year  of  between  X4000  and  iSOOO  for  further 
improvements. 

The  City  Lighting  Engineer  would  recommend  that  a  large  addi- 
tional erten«ion  of  pascsge  lighting  be  made  in  the  coming  year,  and 
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if  this  course  is  approved  plans  and  estimates  will  be  presented  at  an 
early  date  for  the  information  of  the  Committee. 

These  three  reports  are  so  typical  of  what  such  reports 
should  be,  that  the  author  does  not  feel  it  necessary  to 
apologise  for  their  inclusion  at  length. 

It  is  claimed  that  Liverpool  is  one  of  the  best  lighted 
cities  in  Europe.  The  gas  is  of  exceptionally  good  quality, 
and  the  maintenance  of  a  high  standajd  is  secured 
by  means  of  a  rigorous  system  of  testing.  It  has  been 
well  said  that  "  One  lesson  taught  by  the  Liverpool  experi- 
ment is  that  street  lighting  ought  to  be  regarded  as  a 
function  quite  separate  from  gas  or  electricity  production. 
The  aim  of  the  works  manager  is  to  increase  output ;  the 
object  of  the  lighting  department  should  be  to  get  the  best 
light  at  the  least  cost." 
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CHAPTER   XIX. 

HEATING   VALUE  OF  COAL  GAS. 

The  introduction  of  the  incandescent  mantle  system  of 
illumination,  as  well  as  the  greatly  extended  use  of  coal  gas 
for  cooking,  ic.  has  brought  into  prominence  the  calori- 
metric  value  of  this  agent,  so  much  so  that  it  is  contended 
by  some  that  the  old-time  method  of  estimating  the  com- 
mercial value  of  coal  gas  by  ascertaining  the  quantity  of  light 
which  a  given  volume  will  produce  when  burnt  in  a  given 
time  in  special  burners,  a  process  known  as  "  Photometry," 
will  soon  be  numbered  amongst  the  things  of  the  past,  and 
its  place  taken  by  "  Calorimetry,"  or  the  measure  of  the 
heating  value  of  the  gas.  It  will  therefore  be  well  to  con- 
sider this  valuable  method  Ijefore  passing  on  to  the  con- 
sideration of  matters  electrical. 

There  are  two  methods  of  expressing  the  heating  value 
of  a  substance :  (a)  In  calories,  i.e,,  the  quantity  of  heat 
required  to  raise  1  kilo,  of  water  from  0'  to  l"*  C; 
{Ij)  the  British  Thermal  Unit,  or  "  B.T.U.,"  which  indicates 
the  quantity  of  heat  necessary  to  raise  1  lb.  of  water  1°, 
viz,  from  82^  to  33  F.  In  order  to  convert  "Calories'* 
into  "  B.T.U.s"  it  will  be  seen  that  as  the  kilo,  is  equal  to 
2'2  lb.,  and  the  1^  C.  to  IS^  F.,  the  calorie  must  be 
multiplied  by  3*97 ;  thus  1  kilo.  =  2*2  lb.  water  raised 
1^  C.  =  1*8  F.,  and  2  2  lb.  raised  IS  F.  =  3*97  lb.  raised 
1    F. 

The  reader  must  be  careful  to  okserve  when  referring 
to  various  text-books  that  the  unit  of  heat  is  variously  held 
to  be  represented  l^y  1  kiio.  or  1  gramme  of  water 
raised  1    C,  by  1  lb.  of  water  raised  1    C,  and  by  1  lb. 
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of  water  raised  l""  F.  It  is  unfortunate  that  these  various 
methods  of  expression  are  not  unified  for  simplicity,  as  they 
tend  to  cause  considerable  and  wholly  unnecessaiy  con- 
fusion. The  mechanical  equivalent  of  the  British  thermal 
unit  was  determined  by  Joule  in  1843  to  be  equal  to  the 
energy  expended  by  772  lb.  weight  falling  a  distance  of  1ft. 

As  illumination  by  gas  is  often,  and  will  doubtless  be 
still  more  largely  due  to  its  power  to  raise  solid  bodies  to  a 
state  of  incandescence,  it  will  be  seen  that  these  factors  are 
attaining  more  importance  from  the  practical  point  of  view 
every  day,  apart  from  the  use  of  gas  as  a  heating  agent. 

The  following  Table  LI.  shows  the  heating  values  of  the 
various  gases,  which  in  more  or  less  complex  mixtures  con- 
stitute that  which  is  popularly  known  for  convenience  as 

"Coal  gas  Ci- 
table LI.* 

The  gases  or  vapours  are  measured  over  water,  and  therefore  saturated 

with  water  vapour. 


Calorific  power, 

Weight  of  the 

gas 

1  cu.  ft., 

Gas  or  vapour. 

or  vapour  ic 
1  ca.  ft. 

Grammes. 

I 

measured  at 

60**  F., 

SOin.  bar. 

British  thermal 

units. 

Hydrogen 

H 

2-38 

...       321 

Or  as  steam  at  212° 

•  •          •  •  • 

...       270 

Carbon  monoxide 

CO 

33-05 

...       316 

Methane  (marsh  gas) 

C   H4 

18-90 

...       979 

Acetylene 

Co  Ho 

30-74 

...     1480 

Ethylene 

C2H4 

3310 

...     1600 

Ethane 

Cg  Hfl 

34-76 

...     1712 

Propylene 

C3  He 

49-76 

...     2348 

Propane 

C3H8 

62-04 

...     2478 

Butyl  ene 

C4  H9 

66-22 

...     8061 

Butane 

C4  Hio     . 

68-62 

...     3228 

Pentane 

C5  H^^ 

85-12 

...     8943 

Benzene 

Cq  Ho 

94-60 

...     8770 

Toluene 

C7   Hm 

108-80 

...     4340 

In  a  communication  to  the  British  Association  (Sec.  B), 

1 900,  Mr.  T.  Fairley  observed  :— 

In  gas  made  from  common  coal,  with  a  lighting  valae  of  12  to  17 
candles,  the  heating  and  lighting  values  march  well  together.    If  any 

*  This  table,  which  has  been  kindly  checked  and  corrected  by  Mr. 
Fairley,  is  calculated  from  the  results  published  by  Andrew,  Fabre  and 
gilbertnann,  Thomsen,  Berthelot,  and  others. 
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materiBrl  proportion  of  air  ta  drawn  into  the  gaa  before  it  ia  conini 

or  it  the  gas  firat  given  off  from  the  coal  is  collected  aeparately  from' 
that  givea  off  last,  tbo  relations  of  heating  and  lighting  powers  are 
materially  affected.  Air  or  nitrogen  in  gas  lowers  the  lighting  power 
more  than  the  heating  power,  whereas  heavy  hydrocarbons  have  an 
opposite  effect.  This  latter  consideration  applies  to  gas  enriched  with 
light  petroleum  ("carburine")  or  with  benzol,  and  explains  why 
oarburetted  water  gas  has  a  much  lower  healing  value  in  proportion 
than  noal  gas.  lu  my  own  and  other  experiments  its  heating  value 
ia  lower  by  at  least  10  per  cent,  than  coal  gas  of  the  same  lighting  power. 

In  gas  made  from  the  saiae  kind  of  coal  the  heating  and  lighting 
powers  march  together,  and  a  calorimeter  kept  constantly  working 
may  be  uaed  to  watch  the  gas  in  place  of  a  jet  photometer,  ^Vith 
mixed  gases  it  would  not  be  applicable ;  but  in  tliul  case  only  a  full 
photometric  test  would  give  the  true  lighting  power. 

Since  gas  has  been  so  mjch  usad  for  heating,  the  measurement  of 
its  heating  or  calorimetric  value  assumes  additional  importance. 
Various  calorimetera  have  been  devised  by  Derthelot  in  France, 
Junker  in  Germany,  and  Dowson  in  this  country. 

The  two  latter  are  adapted  for  continuous  working,  and  ore  ver; 
similar  in  principle  and  constniction.  In  both,  the  products  of 
Dombustion  are  maile  to  pass  through  metallic  syphons,  so  as  to  give 
up  all  theit  heat  to  a  circulating  current  of  water.  Knowing  the 
quantity  of  water  heated  during  an  experiment  by  so  many  degrees, 
the  beat  units  are  obtained,  and,  reading  the  volume  of  gas  consumed 
during  the  experiment,  the  heat  units  per  cubic  foot  of  gaa  are 
calculated.  In  these  instruments  the  steam  produced  by  the  com- 
bustion  of  the  hydrogen  in  the  gas  is  condensed  into  water.  If  it  is 
desired  to  deduct  the  heat  due  to  this  condensation,  the  water  ia 
collected  and  measured.  With  such  a  large  surface  wet  with  the 
condensed  water,  this  correction  can  only  be  an  approximate  one<  j 
The  amount  of  water  obta.ined  from  gas  of  from  15  to  18  candles 
averages  about  '25  c.c.  per  cubic  foot  of  gas,  corresponding  to  1S9 
calories,  or  about  60  British  thermal  units, 

The  following  average  results  have  bean  obtained  with  coal  gas  '^-M 
Table  LIT. 

Ileatiog  pomor,  British  thsnoril 
Ughtlns  pDwcr,  uDita.    (Poimdn  of  vatsr  bwtedl 

Eagliih  itandud  oaodlM.  1*  F.,  not  oorrected  for 

■toBiu  condvuMHi.) 


These  numbers  arc  comparable  with  those  of  Aguitton,  but  tower. 


Ratio  of  Calorific  to  Candle  Porwr. 
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When  discussing  the  paper  by  the  author  at  tlic  Society 
of  Chemical  Industry  in  Deceiiilier,  1900,  quoted  on  p.  114 
et  sc'j.,  Mr.  Fairley  further  observed : — 

The  relation  of  heating  power  to  lightiag  power  might  be  put  into  an 
algebraic  formula ;  that  waa  to  say,  ooe  had  in  all  gaa  a  certain  pro- 
portion of  non-luminoua  gas  that  might  give  somewhere  about  half  its 
heating  power,  aud  the  rest  was  due  to  Its  lightiag  constttuenta.  That 
part  vae  certainly  a  multiple  of  the  candle  power,  and  one  could  find 
thefactor  which  would  give  the  total  thermal  units  from  the  lighting 
power,  ^omc  people  tried  to  show  that  the  heating  power  of  a  gas 
went  down  in  proportioD  as  the  lighting  power  went  up.  but  that  was 
only  apparently  so.  The  result  of  his  own  work  uiight  be  stated 
thus:— B.T.U.  =  m  (c.p.)  +  C,  in  which  m  was  a  multiple  of  tbo 
caadlC'power  by  a  certain  factor,  and  C  a  constant  representing  the 
beat  due  to  the  combustion  of  the  noQ-illunainatiug  constituenta  which 
fonned  a  large  part  of  coal-gas.  In  the  gases  he  had  tested  nt  was, 
approximately  =  S3'5  and  C  =  27d,  so  that  the  formula  became — 

B.T.U.  =  23-5  (c.p.)  +  275. 
In  some  caseB  the  heating  power  of  gas  had  been  cxpreaseJ  in  bent 
■unita  per  candle,  by  dividing  the  observed  heating  power  by  the  caudle- 
power  of  tbe  gas,  and  certain  inferences  drawn  from  the  fiict  that  as 
the  candle-power  rose[tbe  beat  unita  per  candle  dimiDished,  Carrying 
out  this  division  in  the  formula  :— 


B.T.U  _  23  5(c,p.)  +  275  ^  '. 


r,  (c.p.) 


+ 


,   27.1 


s  that  as  oandle-power  inoreaaed  tbe  quotient  -^ 

dimiaUh.  In  other  words,  the  heat  due  to  the  combustion  of  the  non. 
illuminating  constituents  of  the  gas  could  not  increase  with  the 
lighting  power.  The  apparent  diminution  was  no  argument  in  favour 
of  the  nse  of  any  particular  low-lighting  gas  for  heating  purposes.  A 
high  lighting'power  gas  gave  a  proportionate  increase  in  the  heating 
power. 

At  the  meetings  of  the  Institution  of  Ga.s  Engineers 
held  on  April  30th  and  May  1st,  1902,  two  valuable  papers 
reported  in  the  "Journal  of  Gas  Lighting."  May  6th,  1902, 
wore  read,  one  by  the  late  Bryan  Donkin,  and  the  other 
by  Mr.  H.  E.  Jonc-s.  In  these  the  heat  factors  of  various 
gases  were  given,  and  are  set  out  in  Table  LIU, 

If  Mr.  Fairley's  formula  be  applied  to  the  results 
obtained  by  the  \-aviou3  csperituenters  quoted  in  tliat  table, 
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they  give  in  place  of 
multipliers  of    the 


Calorific  Valuee, 

23*5,  numbers  vaiying  from  20  to  25  as 
candle   power.      To  divide    the  total 


Table  LIII. 

Anihority. 

Gas. 

Heating 
▼alae  per 
oabic  foot. 

B.T.U. 

B.T.U. 

per 
candle. 

B.  Donkin     

...    London  supply 

..     600     ... 

19                        •••         ••• 

...     Mond 

.  •            A^O           .  •• 

H.  L.  Greville 

...    12*9  candle  power 

..      D4jI      «.• 

41*9 

•a                                   •••              ••• 

...      ±0  *  VI              f }                           . 

556 

400 

^y                                   •••              ••• 

...     14-3            „ 

..     569     ... 

40-0 

yy                                  •••              ••• 

...     13-5 

..     577     ... 

42-7 

■•                                   •••              ••• 

...        J.O  *  0                    t) 

588     . . . 

42-4 

••                                   •••              ••• 

...     13-8            „ 

..     591     ... 

42-5 

yy                                  •••              ••• 

...      LO  *  4                If 

616 

400 

f|                                   •••              ••• 

...     16-2            „ 

628 

890 

||-                              •••           ■••• 

...     15-6            „ 

...     652     ... 

41-8 

ff                                   •••              ••• 

...     160            „ 

..     652     ... 

40*8 

■•                                   •••              ••• 

...     16-(5 

■  .  .         00  »7         .  .  . 

40-3 

^^                                   •••              «•• 

...     16-4             „ 

672 

410 

■•                                   •••              ••• 

...     16-6 

...     691     ... 

41-6 

II                                   •••              ••• 

...     16-5             „ 

672 

410 

H.  A.  Humphreys 

...     Coal  gas  (?  London) 

...     675     ... 

H.  F.  Hills 

. . .     Coal  gas 

...     624     ... 

— 

A.  Poddon    

...     14*0  coal  gas 

..     580     ... 

41-4 

M.  Verdier   

. . .     Low  grade  coal  gas 

...     601     ... 

— 

II                         •••          ••• 

...     High  grade  coal  gas 

...     709     ... 

— 

II.  L.  Greville 

...     16*5  Stepney  gas 

...     672     ... 

40-7 

II                         •••          ••• 

...     16*0  Stepney  gas 

. . .     000     . . . 

40-3 

fl                         •••          ••• 

...     IG  •  0  mixed  with  5  per 

cent,  of  air 

616 

II                         •••          ••• 

...     10-0  mixed  with  10  per 

cent,  of  air 

...     574     ... 

II.  E.  Jones 

...     Dowson  Gas 

...     150     ... 

— 

II                    •••         ••• 

. . .     Mond  gas 

. ..      loo      ... 

— . 

A.  0.  Glasgow     ... 

...     Carburetted  water  gas 
and  low  grade   coal 

gas  c.  544 

...     470     ... 

1 1                  ... 

. . .     Water  gas 

. . .      4u«^      .  .  . 

— 

^w erage        ...     ...     ...     ...     .<•     ...     ...     ...     ...     •••     «x  w 

^Ir.  Greville's  results  are  not  corrected  for  steam  condensed. 

)ninil)f'r  of  boat  units  olitained  l>y  the  ol)servcd  candle  power 
is  to  overlook  the  fact  that  coal  gas  contains  a  lai'ge  propor^ 


Average  CaloHfic  Results. 
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tion  of  uon-luminous  constituents,  and  that  the  luminosity, 
as  commonly  tested,  is  due  to  comparatively  small  propor- 
tions of  certain  hydrocarbons. 

By  plotting  these  various  results  with  those  given  in  Mr. 
Fairley's  table  and  tabulating  the  mean  curve,  we  obtain 
the  following  scale,  viz.: — 


Table  LIV. 
Djsoription  of  gas. 

^^w  vTBwaX   iLtSiO     •••  ••■  •■•  •••  •••  •••  ••«  •• 

^«X^/aA^A  fC**0  •••  •••  •••  •••  •■•  •••  •••  •• 

V Y  Uivw*    j^cfco  •■•         •••         •••         •••         •••         •••         •••         •• 

Carburet  ted  water  gas  and  low  grade  coal  gas 
Coal  gas  11 
11 


»» 
»> 
ti 

n 
i» 

»» 
>» 
)f 
i» 
«» 
»» 
»» 


12 
12 
13 
13 
14 
14 
15 
15 
16 
16 
17 
17 
18 


0  candle  power 

5 

0 


5 


0 
5 
0 


5 
0 
5 
0 
5 
0 
5 
0 


16  0  c.  coal  gas  -f  ^  P^r  cent,  of  air 
160      „        „       „    +  10  „       ,. 


>» 


B.T.U.'s  per  cu.  ft. 

.  150 

.  151 

.  485 

.  470 

.  500 

.  514 

.  530 

.  545 

.  560 

.  576 

.  592 

.  607 

.  628 

.  688 

.  652 

.  667 

.  682 

.  698 
714 

616 

.  574 


As  illustrating  the  latest  outcome  of  the  various  efforts 
made  to  provide  a  thoroughly  reliable  instrument  for  the 
purpose  of  readily  ascertaining  the  calorific  value  of  coal 
and  other  gases  the  following  account  of  the  calorimeter 
devised  by  Messrs.  Simmance  and  Abady,  and  the  method 
of  using  it,  will  be  of  interest 

The  principle  upon  which  this  instrument  is  based  was 
first  introduced  by  the  late  Mr.  F.  W.  Hartley  in  1883  for 
the  purpose  of  testing  the  gas  used  by  the  author  and  the 
late  Professor  Wm,  Foster,  and  Mr.  P.  K.  Clark,  in  testing 


J'/ie   Ciiforhnctcr. 

till!  various  exhibits  of  turners  and  gas  stovas  in  connection  | 
with  the  International  Electric  anfi  Gas  Exiiibition  at  tho  l 
Crystal  Palace  in  1SS2-188;J;  and  which  I 
wa^  described  by  him  in  a  report  to  the  1 
Cinnuiittee  of  the  Gas  Section  appointed  I 
by  the  Gas  Institute  (sco  Vol.  1  of  thaj 
report  of  that  Committee). 

In  this  instrument  the  calorific  effect  ig  I 
calculated  from  the  rise  in  temperature  of  J 
an  ascertained   flow  of  water,  duo  to  tho  | 

bustion  of  a  measured  quantity  of  ga; 
The  action  of  tho  instrument  (Fig.  IJO)  i 
clearly  shown  by  reference  to  tho  section  I 
and   plan   shown  in   Fig.  157.     Thewater,<[ 
from  a  source  maintaining  a  constant  pi-os-  ■ 
sure,  enters  at  A  and  passes  through  the  tap  . 
li,  round  the  bulb  of  tho  thermometer  D 
(Fig.  15S),  and  along  the  course  shown  by 
the  arrows,  through  the  annular  chambers 
EEEE.  down  the  tubes  FFFF.  and   up 
through  the  tubes    G  G    into    tlie    upper 
receptacle  H,  round  the  bulb  of  the  ther- 
mometer J,  and  thence  by  the  outlet   K, 
Tile  pressuie  of  the  water  supply  is  indi- 
cated   by   the   float   in  the  water  tube  C. 
The  heated   water    is    discharged    by   the 
waste  tube  L  into  the  swinging  funnel  (Fig. 
1  St)),  which  is  diverted  at  the  commencement 
of  each  experiment,  so  as  to  discharge  the 
heated  water  into  the  measure  M, 

When  the  lighted  burner  S  is  placed  in 
pasition  the  products  of  combustion  rise  up 
the  centre  shaft  N,  and,  partially  condens- 
ing  in    the    chamber   0,   drop   down    the 
FitU  .iM,  annular  passage  P  P  P  P,  and  issue,  at  the 

temperature     of     the     original     gas,     as     car  iconic     acid, 
-condensible     products,    and    water,    at    the    lip    Q ; 


"      ^ l'n,|.M,|i,/ 


C  i^f 
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tnatnid'n'iis  for   Uslmj  the  Caloi-imdei: 


the    coiH-lL'iiaofl   water    Ijcing   collectctl    in    tlic   graduated 
measure  R. 

The  siKcillc  advantage  of  this  inatruiueiit  is  that  a 
succession  of,  say,  throe  short  fcesti  can  lie  made,  and  if 
any  vafiation  of  teinpemture  occurs,  these  can  Ih?  rcpeatct', 
the  time  occupied  being  only  a  matter  of  seconds.  In  lliis 
way  it  is  possible  to  keep  the  calorimeter  constantly  at 
work,  thereby  enabliujj  a  test  to  be  made  at  any  time  of 
the  calorific  power  of  the  gas. 

The  following  insttuctions  are  issued  with  the  instrument 
by  the  makers  : — 

l.^Tum  on  the  water  and  let  it  run  freely  through  the 
calorimeter  to  waste  till  the  two  thermometers  read  alike. 
See  that  the  overflow  is  nmning  at  such  a  rate  as  to  keep 
a  constant  level  in  the  gauge  tube  C. 

2,— Light  the  yas  burner,  place  it  under  the  calmimeter, 
and  lift  it  till  high  enough  to  enable  the  stand  to  be  placed 
underneath  it.  See  that  the  burner  rests  in  the  space 
prepared  for  it  on  the  stand,  in  order  that  it  may  be  central 
with  the  tube  N.  Let  the  water  run  and  the  gas  bum 
until  the  reatliny  of  the  outlet  thermometer  is  steady.  Note 
its  ditference  from  the  inlet  tem|)eratnre. 

3,— As  the  im.-tev  hand  jiasses  a  marked  division,  say 
T.cro,  turn  the  water  outlet  funnel  into  the  !)00  c.c,  measure, 
and  as  the  meter  hand  passes  a  second  marked  division, 
say  12,  switch  the  funnel  l>ack  to  the  waste  funnel.  Read 
tlic  quantity  of  water  which  has  thus  been  discharged  into 
the  !tOO  c.c.  measure. 

The  known  data  will  then  be — 
(fl)  Ditference  in  temperature, 
(li)  Quantity-  of  gas  passed, 
(c)  Quantity  of  water  heated. 

The  test  should  then  be  repeated,  and  an  average  of  the 
reaiJinge  taken,  which  may,  for  instance,  read  thus — 


Gu 

Water 

Difference  of 

burned. 

12  (aooths  c.  ft.)   . 

..     322  C.C.     . 

.,    217"  -  i2-5°  -g-a' 

1^^ 


Gross  and  N'et  Values.  327 

On  referring  to  the  tables  supplied  with  the  instrument, 
under  12  in  the  top  line,  and  opposite  322  in  the  left  hand 
column,  will  be  found  the  factor  IGl,  which  on  being 
multiplied  by  9*2'  =  148*12  calories  per  cubic  foot  of  gas. 

This  is  the  gross  value,  and  is  not  developed  in  everyday- 
use,  except,  perhaps,  by  a  condensing  stove  under  certain 
circumstances.  The  net  calorific  power  is  obtained  by 
deducting  the  amount  of  heat  which  ordinarily  escapes  as 
steam,  &c.  To  ascertain  this,  the  small  measure  should  be 
placed  under  the  products  outlet  lip  when  first  the  actual 
experiment  commences,  noting  the  position  of  the  cumula- 
tive pointer  on  the  meter.  When  a  complete  foot  has  been 
burned,  remove  the  measure  and  note  the  number  of  c.c.  of 
water  collected.  Multiply  this  by  O'G.  The  result  is  the 
number  of  calories  which  should  be  deducted  from  the 
gross  to  obtain  the  net  value. 

To  transfonii  the  calorie  result  into  British  thermal  units, 
multiply  the  calories  formed  by  3*97,  as  previously  indi- 
cated. 

It  will  be  seen  that  with  this  calorimeter  the  method  of 
estimation  may  be  varied  by  burning  a  variable  quantity 
of  gas  and  passing  a  fixed  (quantity  of  water,  the  tables 
being  suitable  also  for  this. 

For  accurate  work  it  is  necessary  to  correct  the  quantity 
of  gas  consumed  during  the  test,  for  temperature  and 
barometric  pressure,  by  means  of  the  table  given  in  the 
instructions  of  the  Gas  Referees  in  the  appendix,  and  to 
observe  that  the  temperature  of  the  escaping  products  of 
combustion  should  be  at  the  same  temperature  as  that  of 
the  gas  as  it  leaves  the  meter. 


^     328     ) 


CHAPTER  XX, 

THE  GENERATIOX   OF   DYNAMIC   ELECTBICITV'   BY 
MECHANICAL  H£AK8. 

In  the  preparation  of  the  following  chapters  on  the  pro- 
duction and  utilisation  of  electrical  energy,  the  author  has 
to  acknowletlge  the  valuable  eollahoratiou  of  Mr.  G,  E, 
Moore,  A.M.I.Mech.  E,,  who  has  kindly  made  the  sertea  of 
original  drawings  which  accompany  the  text.  Thisc  will 
doubtless  be  of  great  assistance  to  the  ifader.  It  is  not 
pretended  that  these  chapters  should  take  thi?  place  of  a 
text-book  on  electricity.  They  are  merely  intended  to 
assist  the  general  reader  to  form  a  faii-  idea  of  the  processes 
involved  in  the  profluction  of  electrical  energy,  and  to  point 
out  the  road  to  those  who  may  be  desirous  of  following  the 
technical  intricacies  of  the  subject  further.  Some  of  the 
points,  such  as  those  relating  to  "potential,"  have  been  con- 
sidered from  a  new  standpoint,  and  will,  it  is  hoped,  be  of 
assistance  to  those  who  have  hitherto  had  a  difBculty  in 
following  technical  electrical  phraseolog)'. 

From  the  poles  of  a  magnet  lines  of  force  issue  radiating 
in  all  directions,  in  the  same  way  as  the  rays  of  light  inaue 
from  some  luminous  object,  and  consequently  follow  the 
law  of  inverse  stiuares  as  explained  on  page  20,  being  (juitu 
close  together  on  the  surface  of  the  magnet,  and  diflusing 
themselves  over  an  ever-increasing  area  as  the  distance  from 
the  magnet  is  incieased. 

We  can,  however,  to  some  extent  control  the  diffusion  of 
the  rays  of  light  from  a  candle  or  lamp,  and  by  the  use  of 
suitable  reflectors  concentrate  them  on  some  limited  area 
which  we  wisli  to  illuminate,  leaving  the  surrounding  space 
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almost  in  complete  darkness;  and  we  can  also,  to  some 
extent,  control  the  diffusion  of  the  magnetic  lines  of  force 
issuing  from  the  poles  of  a  magnet  by  placing  two  unlike 
poles  opposite  to  each  other,  whereby  the  lines  of  force  will 
travel  from  one  to  the  other  almost  in  parallel  straight 
lines. 

While  stating  definitely  that  lines  of  force  issue  from  the 
poles  of  a  magnet,  we  do  so  for  the  sake  of  convenience,  and 
in  order  to  present  some  tangible  picture  to  the  mind's  eye, 
for  we  cannot,  of  course,  see  such  lines,  although  their  effect 
can  be  made  visible  to  us  by  sifting  iron  filings  over  a  piece 
of  stiflT  paper  resting  on  a  magnet.  For  the  sake  of  conve- 
nience also,  we  imagine  the  lines  of  force  as  issuing  or  being 
repelled  from  the  N  or  north-seeking  pole  of  a  magnet  and 
enterincj  or  bein^j  absorbed  into  the  S  or  south-seeking 
pole ;  and  further,  for  the  sake  of  convenience,  we  imagine 
that  a  specific  strength  of  maiinct  or  magnetic  force  is 
represented  by  a  certain  number  of  lines  of  force,  and  that 
by  increasing  this  number  for  a  given  area  the  specific 
strength  of  the  magnet  is  increased. 

Magnetic  poles  of  the  same  kind  repel  one  another,  while 
those  of  opposite  kinds  attract  one  another. 

The  term  magnetic  field  was  used  by  Faraday  to  designate 
the  entire  space  or  region  through  which  the  magnetic  lines 
of  force  travel  or  are  diff*used. 

If  an  electric  current  be  passed  through  a  conductor, 
such  as  a  copper  wire,  magnetic  lines  of  force  circle 
round  it. 

In  a  series  of  experiments  made  by  Ampere,  he  discovered 
that  if  a  current  be  passed  through  two  parallel  conductors 
placed  in  close  proximity  to  each  other  both  in  the  same 
direction,  the  lines  of  force  circling  round  them  act  on 
each  other  in  such  a  way  as  to  cause  the  conductoi-s  to 
approach  one  another;  but  if  the  current  be  passed  through 
them  in  opposite  directions,  the  lines  of  force  circling 
round  the  conductors  cause  them  to  recede  from  one 
another. 
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In  Fig.  160,  a  and  h  are  two  parallel  conductors  having  an 
electric  current  passing  through  them  both  in  the  same 
direction  and  away  from  the  onlooker.  The  magnetic  lines 
of  force  circle  round  them  both  in  the  direction  in  which 
the  hands  of  a  clock  turn,  and  they  mutually  attract  one 
another. 

In  Fig.  161,  the  current  in  h  is  reversed,  so  that  it  flows 
towards  the  onlooker,  while  that  in  a  remains  as  before. 
The  lines  of  force  circle  round  the  two  conductors  now 
in  opposite  directions,  and  they  mutually  repel  one 
another. 

It  will  be  seen,  however,  that  on  adjoining  sides  in  Fig.  160, 
wliei-e  the  lines  of  force  circlijig  round  both  conductors  are 


nearest  each  other  they  travel  in  opposite  directions,  while 
in  Fig.  161  they  travel  in  the  same  direction ;  consequently 
we  may  say  that  lines  of  force  travelling  in  the  same 
direction — the  same  as  like  poles — repel  one  another,  and 
lines  of  force  travelling  in  opposite  directions — the  same  as 
unlike  poles — attract  one  another. 

If  wc  take  a  coil  of  copper  win^  and  pass  an  electric 
current  through  it,  magnetic  lines  of  force  circle  round  the 
wire  as  shown  in  Fig.  162  ;  but  if  the  coils  be  wound  close 
together  so  that  they  nearly  but  not  c^uite  touch  one 
another,  some  of  the  lines  of  force  escape  through  the 
air  instead  of  circling  round  the  wire,  and  pass  right  through 
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the  inside  of  the  coil,  out  at  one  end,  back  over  the 
outside,  and  through  the  inside  again,  and  so  on,  thus 
circling  round  a  series  of  wires  instead  of  round  each  wire 
singly. 

Such  a  coil  is  called  a  solenoid,  and  is  a  feeble  magnet, 
having  a  N  pole  where  the  lines  of  force  issue  from  it,  and  a 


Fie.  <fi3. 

S  pole  where  they  enter  it  again.  A  bar  of  soft  iron  or 
.steel  placed  inside  a  solenoid  heconics  magnetised,  for  the 
iron  offers  less  resistance  to  the  passage  of  tlie  lines  of  force 
circling  round  the  coils  of  the  solenoid  than  the  air  dees, 
consequently  most  of  thcni  pass  tlirough  the  iron  iastead  of 
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circling  through  the  air  round  tliecoil.s.  We  have  then  an 
electro-magnet  (see  Fig.  103)  having  exactly  the  same  pro- 
perties with  respect  to  attraction  and  repulsion  as  all 
ordinary  permanent  magnets. 

Tlie  iron  must  not  coinc  in  contact  with  the  coil,  however, 
otherwise  the  greater  part  of  the  electric  cuiTont  will  escape 
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through  the  iron  instead  of  passing  through  the  coil.     Thol 
coil  must  therefore  be  made  of  insulated  wire ;  for  although  j 
the    inaulating    medium    prevents    the     electricity     from  ■ 
escaping,  it  offers  veiy  little  resistance  to  the  passage  of  j 
magnetic  lines  of  force,  and  not  more  than  air  does,  which 
is  itself  a  very  good  electric  insulator.     The  strength  of  the 
electric   current   flowing    through   a    wire  determines  the 
numhtr  of  the  magnetic  lines  of  force  circling  round  it ; 
consetjuently  the  stronger  the  cuiTent  passing   through  a 
coil   and    the   greater    the    number   of    turns    in   it,    the 
more  strongly  magnetic  the  iron  hecom&5,  until  the  point 
of   saturation   is   reached   beyond   which  iron  cannot   be 
magnetised. 

By  the  word  pofcjid'"/  used  in  connection  with  electricity 
we    mean     a    latent    power    capable    cf     producing     ati 


elt:ctromot'ive  force,  that  is,  a  force  to  move  electricity, 
thus  causing  a  current  to  How. 

If  a  condnetor  he  of  the  same  electric  potential  through- 
out, the  electricity  in  it  is  in  erpiilibiium,  and  there  is  no 
tendency  for  it  to  flow.  If  ono  end  of  a  conductor  is  of  a 
higher  potential  than  the  other,  this  is  at  once  utanifestGd 
as  a  greater  electromotive  force  at  one  end  than  at  the  other- 
and  if  the  two  ends  are  coimected  so  as  to  allow  tho 
electricity  a  free  passage,  the  electromotive  force  causes  a 
current  to  Jiow  until  electric  equilibrium  is  restored  tlirough- 
out  the  conductor. 

To   illusti-ato  this  we  will  take  a  bent  tube  filled  with" 
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air  ami  havirif,'  its  two  ends  communicating  with  one 
anotlicr  tliroiigh  a  tap  wliich  may  be  opened  or  closed 
(see  Fig,  164).  A  small  piston  j:  tits  perfectly  in  the  tube, 
so  that  no  air  can  escape  between  it  and  the  sides  of  the 
tube. 

The  potential,  or  pressure  of  the  air,  is  equal  throughout 
the  tube ;  there  is,  therefore,  no  tendency  for  the  air  to  flow 
when  the  tap  is  opened,  so  that  there  is  a  means  of  commu- 
nication between  the  two  ends. 

If  the  piston  bo  now  forcibly  movt'd  in  the  direction 
indicated  by  the  aiTow,  the  air  will  be  compressed  at  a 
and  there  will  be  a  partial  vacuum  formed  at  6 ;  the  air 
ia  therefore  of  a  higher  potential  at  it  than  at  h,  and  this 
difference  of  potential  produces  a  force  tending  to  move  the 
air  from  ic  to  ^  until  both  ends  are  at  equal  potentials, 
and  equilibrium  is  restored;  but  this  cannot  take  place 
until  the  tap  communicating  between  the  two  ends  is 
opened. 

This  I'cprcscnts  exactly  what  takes  place  in  an  electrical 
conductor  when  a  current  passes  through  it. 

By  certain  means  the  electrical  equilibrium  can  be  dis- 
turbed so  that  the  electricity  at  one  end  is  of  a  higher 
potential  than  at  the  other,  and  this  at  once  produces  an 
electromotive  force,  tending  to  move  the  electricity  from  the 
end  where  the  potential  is  high  to  that  whore  it  is  low,  and 
thereby  restore  equilibrium;  but  this  cannot  take  place  until 
the  two  ends  of  the  conductor  ai-e  connected,  thus  allowing  the 
electricity  to  flow  from  one  end  to  the  other.  The  potential 
at  one  end  may  even  be  increased  to  such  an  extent  as  to 
cause  the  electricity  to  force  itself  a  passage  through  the 
ail'  or  any  other  insulating  material  surrounding  the  con- 
ductor if  the  ends  are  not  connected,  just  aa  the  air  in  a 
tube  may  be  compressed  to  such  an  extent  as  to  burst  the 
tube. 

Fig.  1C+  may  be  taken  to  represent  an  ordinary  air  com- 
hydraulic  pump,  and  the  connection  between  the 
two  ends  a  and  b  need  not  be  made  tlircct,  as  shown  in  the 
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figure,  tiut  may  be  madt;  by  means  of  pipes  entering  tlie  tube 
ai  a  ami  h,  so  that  tlic  pressure  at  a  may  be  utilised  to  ovei 
come  .'tome  resistance,  such  as  the  ram  of  a  press  at  a  consider^ 
able  distance  away  before  it  is  allowed  to  escape  to  h.     In  tha^ 
same  way  the  electromotive  force,  caused  by  a  difference  o 
potential  in  a  conductor,  may  lie  iitilised  to  overc 
resistance  such  as  an  arc  or  an  incandescent  lamp  at  a  con-J 
fliderable  distance  away,  by  compelling  the  current  to  flow's 
through  it  in  its  passage  from  the  entl  of  hi-^h  to  that  of  loW 
potential. 

Faraday  discovered  that  an  electric  cuirent  passes  along  a 
wire  of  copper  oi   any  other  con  U   tmg    n  tal  having  il 
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two  ends  connected  with  one  another,  if  it  is  moved  t 
one  pole  of  a  magnet  so  as  to  cut  through  the  lines  of  fore 
issuing  from  it. 

Fig,  165  represents  the  N  pole  of  a  magnet,  and  show 
a  section  of  a  conductor  in  the  midst  of  the  magnetic  field 
in  close  proximity  to  the  pole  from  which  the  lines  of  fore 
issue,  as  indicated  by  the  dotted  lines  and  arrow  heads. 

Now  if  the  conductor  be  moved  parallel  to  the  surface  o 
the  magnet,  fts  indicated  by  the  arrow,  the  tendency  will  \ 
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for  opposing  lines  ot  foi-ce  to  circle  round  the  conductor  in 
onler  to  i-esiat  the  motion.  It  is  obvious  that  on  the  right- 
hand  side  of  the  conductor  the  lines  of  force  which  will 
circle  round  it  will  be  in  the  same  direction  as  those  issuing 
from  the  magnet,  because  like  forces  repel  one  another,  and 
they  would  thereby  resist  the  motion  of  the  conductor; 
also,  on  the  left-hand  side  of  the  conductor  the  lines  of 
force  which  will  circle  round  it  will  be  in  an  opposite 
direction  to  thosie  issuing  from  the  magnet,  because  unlike 


forces  attract  one  another,  and  they  would  thereby  also 
resist  the  motion  ot  the  conductor.  The  lines  of  force 
would  circle  completely  round  the  conductor  in  the  direction 
in  which  the  hands  of  a  clock  turn,  and  would  cause  a 
current  of  electricity  to  flow  along  the  conductor  away 
from  the  onlooker. 

Fig.  16G  represents  a  curved  magnet,  typical  of  such  as 
are  used  in  the  constniction  of  dynamos  end  motors,  whose 
lines  of  force  issue  from  the  N  pole  and  enter  in  at  the  S 
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pole,  paasing  through  the  iron  back  to  the  N  pole  again  in  I 
a  continuous  circulation.  The  mutual  attraction  between  a  J 
N  and  a  S  pole  prevents  the  lines  of  force  from  bocomingi 
scattered  and  diffusing  themselves  through  the  air,  bub] 
induces  them  to  take  the  shortest  way  through  the  air  s 
intervening  between  the  two  poles,  and  to  travel  in  alinostl 
parallel  straight  lines. 

In  the  figure,  a  and  b  represent  two  conducting  wires! 
whose  ends  are  connected  together,  which  may  be  assumed  I 
to  represent  two  of  the  conductors  wliich  are  assembled  oal 
the  periphery  oE  the  armature  of  a  dynamo  or  motor.  TheyJ 
are  moved  in  the  directions  indicated  by  the  arrows,  thereby  J 
causing  magnetic  lines  of  force  to  circle  round  them, 
shown  by  the  curved  arrows,  and  an  electric  current  \a\ 
pas."}  along  them. 

On  the  right-hand  side  of  a,  that  is,  on  the  side  towarclsl 
which  it  is  moved,  the  lines  of  force  will  circle  round  thai 
wire  in  the  same  direction  as  those  issuing  from  the  magnet,d 
so  that  tiiey  repel  one  another,  and  thereby  produce  a  force] 
in  opposition  to  that  wliich  moves  the  wire.  On  tha  left-l 
hand  side  of  a,  the  lines  of  force  will  circle  round  it  in  asf 
opposite  direction  to  those  issuing  from  the  magnet,  so  thati 
they  attract  one  another ;  and  they  also  produce  a  force  inl 
opposition  to  that  which  moves  ihe  wire. 

The  magnetic  lines  of  force  will  circle  round  the  \ 
the  same  direction  as  that  in  which  the  hands  of  a  cloc 
turn,  and  the  current  will  flow  away  from  the  onlooker,  asl 
shown  by  the  arrow  on  the  wire  itself. 

Again,   on   the   left-hand   side   of  b   tlie   lines   of  fore 
will  cirele  round  the  wire  in  the  same  direction  as  tbof 
entering  the  S  pole,  so  that  they  repel  one  another,  whildil 
those   on  the  right-hand    side  will  travel    in  an  opposital 
direction,  so  that  they  attract  one  another,  thus  setting' 
themselves  in  opposition  to  the  movement  of  the  wire. 

The  lines  of  force  will  circle  round  the  wire  in  a  direction^ 
contrarj-  to  that  in  which  the  hands  of  a  clock  turn,  and  tb^n 
current  will  How  towards  the  onlooker. 
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RefeiTing  back  to  Fig.  103,  let  the  coil  have  its  two  ends 
connected  together  by  a  copper  wire  with  no  current  passing 
along  the  coil,  and  let  the  iron  core  represent  a  permanent 
magnet  whose  lines  of  force  travel  from  the  N  to  the  S  pole 
right  round  its  entire  surface,  in  the  direction  indicated 
by  the  dotted  lines  and  arrow  heads,  within,  instead  of 
outside,  the  coil  as  shown  in  the  figure. 

When  the  N  pole  of  the  magnet  is  inserted  into  the  coil,  the 
wire  cuts  through  the  lines  of  force  issuing  from  it,  and  this 
causes  magnetic  lines  of  force  to  circle  round  the  wire, 
which  set  themselves  in  opposition  to  the  movement  of  the 
magnet,  and  an  electric  current  passes  along  the  coil  in  the 
direction  shown  by  the  aiTOws ;  which  direction  Ls  reversed 
as  the  magnet  passes  right  through  the  coil,  when  the  lines 
of  force  entering  the  S  pole  are  cut  through  by  the  wire,  and 
the  current  will  flow  in  a  contrary  direction  to  what  it  did 
as  the  N  pole  was  inserted  into  the  coil,  and  as  indicated 
by  the  arrows  on  it.  This  is  a  fundamental  principle  of  the 
action  of  dj'^namos,  and  will  be  dealt  with  more  fully 
later  on. 

The  following  statements  summarise  the  whole  process  of 
the  production  of  an  electric  current  by  the  application  of 
Faraday's  discovery : — 

In  a  magnetic  field  having  an  electrical  conductor  near  to 
and  parallel  with  its  surface,  if  the  number  or  direction  of 
the  lines  of  force  issuing  from  it  be  altered,  the  electrical 
equilibrium  in  the  conductor  is  disturbed,  so  that  there  is  a 
difference  of  potential  between  its  two  ends,  giving  rise  to 
an  electromotive  force ;  and  if  the  ends  of  the  conductor  be 
connected,  a  current  of  electricity  flow^s  through  it. 

The  same  happens  if  the  conductor  be  moved  so  as 
to  alter  the  number  or  direction  of  the  lines  of  force 
influencing  it,  and  only  so  long  as  an  alteration  is  taking 
place. 

If  the  conductor  remains  stationaiy  under  the  influence 

of  a  constant  magnetic  field,  or  if  either  or  both  be  moved, 

but  under  such  conditions  that,  in  relation  to  the  number 
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or  direction  of  the  lines  of  force  acting  upon  it,  the 
conductor  remains  unaltered,  its  electrical  equilibrium 
remain!^  undisturbed,  and,  therefore,  no  electromotiro 
force  is  instigated  to  cause  a  current  of  electiicily  to 
flow. 

The  production  of  an  electric  current  by  this  process  goea  1 
by  the  name  of  induction,  a.nti  the  current  or  the  electro* 
motive  force  is  said  to  bo  indxiced.  The  electromotive 
force  caused  by  a  difference  of  potential  in  a  conductor  is 
measured  in  volts  just  as  a  pressure  of  air  or  water  is 
measured  in  pounds  per  square  inch  ;  and  the  electricity 
passing  along  a  conductor  is  measured  in  umpires,  just  as 
the  quantity  of  water  flowing  through  a  pipe  is  measured  in 
gallons  per  second. 

Con'csponding  to  the  friction  of  the  water  or  air  against 
the  inner  surface  of  the  pipe  through  which  it  is  flowing, 
there  is  a  resistance  otfered  by  the  conductor  to  the  flow  I 
of  the  electric  cuiTent,  and  this  resistance  is  measured  in  I 
ohms. 

If  an  electrical  conductor  bo  moved  mechanically  in  a 
plane  at  right  angles  to  the  direction  of  the  lines  of 
force  issuing  from  a  homogeneous  magnetic  field,  the 
induced  magnetic  lines  of  force  circling  round  the  con- 
ductor travel  in  such  a  dii'ection  that  they  resist  the 
movement. 

If  under  otherwise  similar  conditions  the  movement  of 
the  conductor  lie  other  than  at  right  angles  to  the  lines  of 
force  issuing  from  the  magnetic  field,  the  resistance  opposed 
to  the  movement  of  the  conductor  is  dependent  only  on 
the  component  of  the  space  traversed  at  right  angles  to  the 
direction  of  the  lines  of  force,  that  is,  on  the  number  of 
lines  of  force  a  conductor  cuts  through  in  a  given  time. 
On  tliis  depends  also  the  pressure  as  measured  in  volts  of 
the  induced  current. 

It,  for  the  purpose  of  illustration,  we  assume  that  the 
lines  of  force  issuing  from  a  magnetic  field  do  not 
radiate,   l»ut    travel    parallel    to    one    another,    and    that  i 
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their  power  therefore  does  not  decrease  as  the  distance 
increases,  also  that  the  pressure  of  the  current  induced 
in  a  conductor  moved  one  foot  in  one  second  at 
right  angles  to  the  line  of  force  be  one  volt,  to  obtain  the 
same  pressure  in  a  conductor  moved  at  an  angle  of,  say, 
45  deg.  to  the  direction  in  which  the  lines  of  force  travel, 
it  would  have  to  cut  through  the  same  number  in  the 
same  time,  and  the   distance  it  would    have    to    travel 
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would  therefore  be  1  x  V  2ft.  in  one  second.  (See  Fig. 
1C7.) 

If  under  the  same  conditions  the  conductor  be  moved 
parallel  to  the  direction  of  the  lines  of  force  it  would  cut 
through  none,  and  no  alteration  would  be  taking  place  in 
the  conductor  in  relation  to  the  lines  of  force ;  consequently 
no  current  would  be  induced  in  it. 

According  to  Lenz's  law,  if  the  lines  of  force  issuing 
from  a  magnetic  field,  having  an  electrical  conductor 
within  their  influence  alter,  the  induced  current  or  electro- 
motive force  in  the  conductor  is  such  that  it  resists  the 

alteration. 
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The  foregoing  summarises  shortly  the  piinciples  under- 
lying the  construction  of  all  modem  electric  generators  or 
dynamos  and  motors.  We  will  now  briefly  consider  the 
different  kinds  of  machines  used  for  lighting  purposes  and 
for  the  transmission  of  power. 
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CHAPTER     XXI. 

ELECTRIC       GENEUATOltS. 

Every  electric  generator  or  motor  consist's  of  thicc 
essential  parts,  viz.: 

(1)  The  so-called  field  magnets,  producing  a  magnetic 
field. 

(2)  The  armature,  caiTying  a  series  of  conductoi's  which, 
in  a  generator,  on  being  revolved,  cut  tln-ough  the  lines  of 
force  in  the  magnetic  field ;  or  which,  in  a  motor,  wlien  a 
current  of  electricity  passes  through  them,  cause  the  arma- 
ture to  rotate. 

(3)  An  apparatus  for  collecting  or  distributing  the 
cuiTent. 

The  field  magnets  consist  of  one  or  more  pairs  of  electro- 
magnets, each  pair  having  one  N  and  one  S  pole,  having 
iron  or  steel  cores  surrounded  by  a  coil  of  insulated  copper 
wire.  The  armature  consists  of  a  laminated  iron  core 
having  insulated  copper  wires,  or  bars  of  copper,  arranged 
on  its  outer  surface,  parallel  with  each  other  and  with  the 
axle  of  the  armature. 

The  iron  core  of  the  armature  is  made  either  in  the  shape 
of  a  ring  or  in  the  shape  of  a  cylinder ;  but  in  both  cases  the 
copper  wires  or  bars  are  bent  to  the  shape  of  a  letter  U,  so 
that  their  two  ends  appear  on  the  same  side  of  the  core. 
These  U-shaped  wires  or  bars  will  l>e  hereafter  referred  to 
as  the  armature  coils.    (See  Figs.  108  and  169.) 

The  former  arrangement  is  convenient,  for  it  facilitates 
the  removal  of  any  damaged  coil  for  repairs ;  whereas  with 
the  latter  this  is  difficult,  on  account  of  the  coils  overlapping 
each  other  at  one  end ;    but  it  has  the  advantage  over  the 
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former  that  only  Iialf  the  quantity  of  wire  is  required,  for 
that  part  of  the  coil  which  in  inside  the  ring  is  useless  so  far   \ 
as  the  generation  of  the  current  is  concerned. 

The  ends  of  all  the  coils  are  connected  to  the  apparatus  ' 
on  the  armature  spindle  for  collecting  or  distributing  the  , 
current. 

The  iron  cove,  as  previously  explained  when  describing 
the  electromagnet,  tends  to  prevent  the  lines  of  force  fi-om 
circling  round  each  separate  conductor  ■\\'hen  an  electric 
current  passes  through  it,  but  compels  them  to  travel  right 


round  the  armature,  whereby  they  can  be  uioi'e  effectively 
utilised. 

Fig.  170  representa  a  continuoas-current  generator  having 
one  N  and  S  polo  placed  cliameti'icaliy  opposite  to  each 
other,  with  the  space  between  them  occupied  by  the  arma- 
ture. 

Dynamos  and  motors  may  be  divided  into  two  classes, 
according  to  whether  tliey  generate  or  are  set  in  motion  by 
continuous  or  direct-current,  or  by  an  alternating  current. 

By  a  continuous  or  direct-current  we  understand  a 
current  which  flows  always  in  one  direction  ;  whereby  a 
certain  terminal  of  the  machine  isalwaysof  ahigh  potential, 
while  another  is  always  of  a  low  potential,  and  the  current 
flows  unvarj'ingly  from  the  high  to  the  low  potential 
tenuinal. 


Continuous  Current. 
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By  revolviiii;  the  amiature  of  a  dytiaiuo  ll.u  electric 
equilibrium  iQ  its  coils  is  disturbed,  so  tbat  at  oatt  end  the 
clecti-icity  is  o£  a  high  potential,  and  at  the  other  end  of  a 
Inw  potential,  and  a-i  previously  described,  a  current  of 
electricity  flows  from  the  one  to  tlie  other  as  50ijn  as  the 
two  ends  are  connected  by  a  conductor. 

The  connection  between  these  two  euds  we  wiil  hereafter 


refer  to  an  the  circuit,  and  tlii.s  may  be  of  any  length,  even 
as  much  as  many  hundreds  of  miles  if  necessary. 

To  utilise  the  cun-ent  we  intercept  the  circuit  at  any 
point  h}-  a  lamp  or  a  motor,  so  that  the  electricity  over- 
comes a  certain  resistance  and  does  work  in  its  passage 
from  the  teiminals  of  the  annature  coils  of  the  generator 
which  are  of  a  high,  to  those  which  are  of  a  hnv  potential. 
The  high  potential  electricity  corresponding  li.  a  pressure 
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ui  air  we  call  [wsitive,  while  the  low  potential  electricity 
correspoDdiog  to  a  vacuuui  we  call  negative ;  so  that  a 
current  which  starts  from  one  terminal  of  a  generator  and 
enters  one  terminal  of  a  motor  or  lamp  is  positive,  while 
that  which  leaves  the  other  terminal  of  a  lamp  or  motor 
and  entei's  the  other  torniinal  of  the  generator  is  negative. 

An  alternating  current   does   not   flow   always   in   one 
direction,  but  ilows   alternately  backwards   and  forwards 


l>etwoen  the  teniiinals  of  thi;  generator ;  for  the  coils  of  the 
armature  reverse  thi-ir  ends  of  high  and  low  potential  with 
a  frequency  which  often  exceeds  one  hundred  times  in  one 
second. 

8ivijle-i>lMm  AUenmiiwj  Cuirent. — Kig.  I7l  shows  tlic 
N  and  S  poles  of  a  two-pole  generator,  jilaccd  diametrically 
<)|)posite  to  each  other,  and  occupying  the  space  between 
tliL-in  till!  avniature  core  with  a  single  coil  wound  on  it, 
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having  its  two  ends  fastened  to  two  insulated  inotal  rings, 
shown  on  the  figure,  to  enable  them  to  be  clearly  seen,  of 
two  different  diameters.  Each  of  these  rings  has  a  sliding 
contact  pressing  against  its  surface  by  means  of  a  spring 
for  collecting  the  current. 

These  contacts,  known  as  the  brushes,  are  fixed  to  some 
immovable  pai-t  of  the  machine,  and  are  always  in  contact 
with  the  rings,  so  that  the  electricity  as  it  is  generated  can 
flow  into  the  circuit  while  the  armature  is  revolving. 

If  the  armature  be  revolved  clockwise  as  indicated  by 
the  arrows,  when  the  coil  is  on  the  left-hand  side  exactly 
on  the  neutral  line  approaching  the  N,  and  receding  from 
the  S  pole,  it  momentarily  moves  exactly  parallel  with  the 
lines  of  force  travelling  from  the  N  to  the  S  pole,  and  cuts 
through  none,  consequently  no  lines  of  force  circle  round 
it,  and  no  current  flows  through  it. 

Next  instant  it  commences  cutting  through  the  lines  of 
force,  at  a  sharp  angle  at  firet  and  slowly  compared  with 
the  distance  it  travels,  so  that  lines  of  force  commence  to 
circle  round  it,  which  set  themselves  in  opposition  to  the 
rotation  of  the  armature,  and  a  feeble  current  commences  to 
flow  through  it. 

The  current  gradually  grows,  increasing  as  the  distance 
between  the  coil  and  the  vertical  centre  line  decreases. 
As  it  crosses  the  lines  of  force  at  right  angles,  the  coil  cuts 
through  the  greatest  number  in  a  given  time,  and  the 
induced  current  flowing  through  it  is  at  its  maximum 
pressure. 

Applying  Lenz\s  law,  the  lines  of  force  circling  round  the 
coil  w- ill  travel  in  a  clockwise  direction  as  indicated  by  the 
curved  arrow  in  the  diagi'am,  so  as  to  resist  the  movement 
of  the  armature,  and  the  induced  current  will  flow  away 
from  the  onlooker,  as  shown  by  the  arrows  on  the  coil 
itself.  Or,  from  the  brush  on  the  left-hand  side  as  a 
negative  current,  through  the  coil  to  the  brush  on  the 
right-hand  side,  and  out  into  the  circuit  as  a  positive 
current.     Directly  the  coil  commences  to  recede  from  the  ^ 


346 


Cycle  of  Generation  of  Ov/rrent. 


vertical  centre  line  the  induced  current  commences  to  fall, 
becoming  more  and  more  feeble  as  the  coil  approaches  the 
horizontal  or  neutral  line  on  the  right-hand  side,  where,  as 
it  crosses  it,  the  coil  moves  parallel  with  the  lines  of  force, 
cutting  through  none,  so  that  the  current  momentarily  dies 
away. 

The  coil  now  commences  to  approach  the  S  pole.  As  the 
lines  of  force  travel  from  the  N  to  the  S  pole,  their  impa^ct 
on  the  coil  is  in  a  contrary  direction  to  the  impact  as  the 
coil  approached  the  N  pole ;  the  lines  of  force,  circling 
round  the  coil,  will  therefore  travel  in  a  contrary  direction 
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Fig.   172. 

to  what  they  previously  did,  and  a  negative  current  will 
now  enter  the  brush  on  the  right-hand  side,  flowing  through 
the  coil  to  the  brush  on  the  left-hand  side,  and  entering 
the  circuit  there  as  a  positive  current. 

The  current  gradually  grows  until  the  coil  reaches  the 
vertical  centre  line  at  the  S  pole,  where  it  again  attains  its 
maximum  pressure.  On  the  completion  of  the  revolution, 
the  current  again  falls  to  zero.  This  operation  will  be 
clearly  understood  by  rcfeiring  to  the  curve  shown  in 
Fig.  172,  which  represents  the  character  of  the  current 
flowing  through  the  brush  on  the  right-hand  side  in 
Fig.  171. 
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The  first  haf  of  the  curve  repi-csents  the  current  gene- 
rated during  half  a  revolution  of  the  armature  as  the  coil 
travels  from  the  neutral  line  on  the  left-hand  side,  crossing 
the  vertical  centre  line  at  the  N  pole  after  a  quarter  of  a 
revolution,  to  the  neutral  line  on  the  right-hand  side, 
whereby  the  electricity  will  be  at  a  high  potential  at  that 
end  of  the  coil  connected  with  the  smaller  of  the  two 
collecting  rings  having  the  right-hand  brush  in  contact 
i\ith  it,  and  at  a  low  potential  at  the  end  connected  with 


Fig.  173. 

the  larger  ring,  which    cumuiunicatc-i  with  the  left-hand 
brush. 

The  current  consequcutly  Sows  through  the  circuit  from 
the  right-hand  brush  as  a  positive  current  to  the  left-hand 
brush  as  a  negative  current.  The  second  half  of  the  curve 
i-eprcsents  the  current  generated  as  the  coil  travels  from 
right  to  left,  crossing  the  vertical  centre  line  at  the  S  pole, 
whereby  the  high  and  low  potential  ends  of  the  coil  are 
reversed,  causing  the  current  to  flow  in  a  contrary  direc- 
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tioii ;  or  from  the  left-hand  brush  as  a  positive  current  to 
the  right-hand  brush  as  a  negative  current. 

The  height  of  the  curve  above  and  below  the  neutral 
line  indicates  the  positive  and  negative  pressures  of  the 
current  at  any  moment  during  one  revolution  of  the 
annature.  The  curve  shows,  too,  that  this  is  an  alternat- 
ing cuiTcnt ;  for  it  flows  alternately  in  opposite  directions 
through  the  circuit  from  one  terminal  to  the  other. 
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Fig.   174. 

If  we  place  a  .secoiul  coil  on  the  anuatuie  exactly 
diametrically  o[>posite  to  the  first,  and  connect  their  ends 
to  the  collecting  rings  in  the  manner  shown  in  Fig.  173, 
having  the  low  pc.tiiitinl  rn<l  of  the  coil  approaching  the 
N  pole  connected  to  the  same  ring  as  the  low  potential 
end  of  the  coil  approaching  the  S  pole,  and  both  the  high 
potential  ends  to  the  other  ring,  the  current  generated  by 
each  coil  as  it  cuts  through  the  lines  of  force  from  the 
N  and   S  poles  of  the    magnets    will  combine  where  the 
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emls  meet  ami  flow  through  the  eirciiit  siinultajieously  as 
one  current;  so  that  a  greater  quantity  in  generated  with 
two  coils  aiTanged  in  this  way  than  with  only  one  witli- 
out  altering  its  character,  which  may  still  he  represented 
by  the  curve  shown  in  Fig.  172. 

It  is  obvious,  however,  that  if  the  ends  of  the  eoils  arc 
wrongly  connected  the  current  generated  by  the  one  coil 
will  be  exactly  neutralised  by  the  current  generated  by 
the  other  coil,  and  none  will  flow  through  the  cireiiit. 

By  using  two  coils  instead  of  one,  thus  generating  twice 
the  quantity  of  current  duiiiig  each  revolution  of  the 
anuaturc,  the  size  of  the  wire  forming  the  circuit  must 
be  increased  to  twice  its  former  area  to  avoid  injurious 
heating,  thu.s  offering  a  greater  resistance  to  the  flow  of 
the  current. 

By  winding  the  coils  several  times  on  the  armature  core 
liefore  connecting  their  ends  to  the  collecting  rings  instead 
of  only  once,  a.s  shown  in  Figs.  1 70  and  174,  a  greater  length 
of  wire  is  exposed  to  the  action  of  the  lines  of  force 
passing  between  the  poles  of  the  magnet,  resulting  in 
more  lines  of  force  being  eut  through  by  the  wire  during 
each  revolution  of  the  armature,  thereby  increasing  the 
pressure  of  the  cnirent ;  but  its  character  remains  un- 
altered, and  may  still  be  represented  by  the  same  curve. 

In  Fig,  I7i  each  coil  is  woimd  seven  times  on  the  core  of 
the  armature,  and  there  are  therefore  seven  lengths  of  wire 
opposite  each  pole  cutting  through  the  lines  of  force  at  the 
same  time,  consequently  the  pressure  of  the  current  gene- 
rated would  be  seven  times  as  great  as  if  each  coil  were 
wound  only  once  round  the  core,  assuming  that  the  anna- 
ture  revolves  at  the  same  speed  in  both  cases.  It  is,  of 
course,  immaterial  whether  the  ends  of  the  two  coils  are 
joined  together  before  connecting  to  the  collecting  liugs,  or 
whether  the  four  ends  are  connected  separately ;  as  in 
both  cases  the  current  flows  fi-om  one  to  the  other  in  the 
same  manner.  The  same  result  could  be  obtained  witli  a 
pair  of  coils  wound  only  once  round  the  core,  by  increasing 
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their  length  and  that  of  the  surface  of  tlie  laaj^uet  poles 
sevenfold  ;  so  that  the  same  length  of  wire  in  exposed  toJ 
the  action  of  the  same  number  of  lines  of  force. 

Or,  to  ohtain  the  same  pressure  of  current  in  both  caseR,  1 
the  speed  with  which  the  armature  revolves  in  the  one  must  J 
be  seven  times  as  great  as  that  with  which  it  revolves  in  * 
the  other. 

The  connections  between  the  coils  and  the  collecting 
rings  can  be  made  in  a  great  many  different  ways,  so  as 
to  obtain  different  pressures  or  voltages,  and  different 
quantities  or  amperes  of  current. 

In  Fig,  174  seven  coils  are  connected  in  series  in  each  half 
of  the  armature,  the  two  sets  of  seven  being  connected  io 
parallel. 

If,  with  this  arrangement,  by  revolving  the  armature  at 
a  certain  speed  a  current  of  seven  volts  and  two  amperes 
is  generated,  by  connecting  all  the  coils  in  series  a  curi'ent 
of  fourteen  volts  and  one  ampere  would  he  generated ;  or 
by  connecting  all  tlie  coils  in  parallel  a  current  of  one  volt 
and  fourteen  ampferes  would  be  generated. 

The  coils  would  all  be  in  sei-ies  if  the  current  were  mads  < 
to  pass  through  all  before  being  allowed  to  pass  into  the 
collecting  rings;  or  they  would  all  be  in  parallel  if  each 
single  coil  had  its  two  ends  connected  direct  to  the  collect- 
ing rings. 

With  a  high-voltage  current  the  insulation  of  the  wii-ea 
must  be  much  more  perfect  than  with  a  low -voltage  current. 
just  as  with  water  at  a  high  pressure,  the  mateml  and 
thickness  of  the  tubes  through  which  it  flows  must  be 
better  and  greater  than  if  the  water  were  at  a  low  pressure. 
The  area  of  the  wires  nnist  be  in  proportion  to  the  ampfercs 
of  the  current  just  as  the  area  of  a  tube  must  be  in  propor- 
tion to  the  quantity  of  water  (lowing  through  it. 

The  electric  unit  of  poivci-  is  the  power  of  a  current  of 
one  ampere  at  a  pressure  of  one  volt.  This  unit  is  known 
as  one  volt  amp&re  or  one  watt,  and  is  equivalent  to  about 
»|y  of  one  horse-power. 
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Ono  thousand  watts  is  called  one  kilowatt,  and  this  is 
approximately  l->  horse-power. 

Referring  back  to  Fig,  172,  any  one  of  the  recurring  status 
of  the  current  with  respect  to  pressure,  that  is  the  particu- 
lar state  of  the  current  at  any  given  instant,  m  called  its 
phase.  It  will  be  seen  by  the  tigure  that  the  current  is 
constantly  assuming  a  different  phase :  yet  it  ia  only  a 
single-phase  current,  for  at  any  given  instant  it  has  only 
one  phase. 

The  curve  represents  one  whole  cycle  of  operations  called 
a/wnorf;  that  is  the  cuiTent  induced  in  a  coil  during  its 
transit  from  zero  to  its  maximum  positive  pressure,  back 
again  to  zero,  then  to  its  maximum  negative  pressure,  and 
back  once  more  to  zero,  where  ono  whole  cycle  of  opera- 
tions or  one  period  is  complete,  and  a  new  one  commences 
exactly  as  before. 

The  frequency  with  which  the  periods  occur  is  dependent 
on  the  number  of  paii3  of  poles  in  a  machine,  and  on  the 
speed  at  which  the  armature  rotates.  Fifty  periods  i>er 
second  may  be  taken  as  a  fair  average.so  that  the  armature 
of  a  machine  having  one  pair  of  polos  would  have  to  make 
3000  revolutions  per  minute.  In  order  to  reduce  this  speed 
the  number  of  paira  of  poles  must  be  increased ;  thus,  in  a 
machine  having  four  N  and  four  S  poles,  arranged  so  that 
a  pole  of  one  kind  is  always  between  two  poles  of  the 
opposite  kind,  the  armature  would  have  to  make  only  750 
revolutions  per  minute. 

MulliphoBe  Alternating  Cunvnt. — Having  described 
how  a  single-phase  alternating  cunent  is  produced,  wo  will 
now  briefly  consider  the  manner  in  which  polyphase  alter- 
natiner  currents  are  generated ;  that  is,  currents  which  at 
any  given  instance  have  two  or  more  different  phases. 

To  produce  a  two-phase  current  two  sets  of  coils  are 
required,  wound  on  the  armature  of  the  generator,  having 
their  four  ends  attached  to  four  collecting  rings  communica- 
ting with  two  separate  circuits. 

In  Fig,  175,  1,  (1)  foiTO  one  continuous  coil,  whose  two 
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emls  are  fasti?iieil  to  the  two  insulated  rings  1  and  (1)  where  I 
the  cuncnt  is  collected  and  allowed  to  pass  into  the  circuiia 
1,  (1).  The  coil  2,  (2)  has  its  two  ends  fastened  to  the  twoj 
insulated  rings  2  and  (2),  where  the  current  is  collected  and  f 
allowed  to  pass  into  the  circuit  2,  (2). 

The  separate  windings  of  the  coil  1,  (1)  are  separated  | 
from  those  corresponding  in   2.  (2)  by  an  angle  of  45  deff. 
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80  that  the  current  generated  in  1,  (1)  is  exactly  a  quarter  1 
of  a  period  behind  that  generated  in  2,  (2).  For  if  at  ( 
given  instant  wliile  the  armature  is  revolving  a  portion  of 
the  coil  1,  (1)  is  exactly  on  the  neutral  line,  the  correspond- 
ing portion  of  the  coil  2.  (2)  will  be  exactly  on  the  vertical 
centre  line  opposite  the  N  and  S  poles,  and  that  jjortion  of 
1,  (1)  moves  parallel  with   the  lines  of  force  passing  from 


Mvltiphase  Altei-natiiig  Current  353 

one  pole  to  the  other,  cutting  through  none,  and  therefore 
generating  no  current,  at  the  same  instant  as  the  portion  of 


2,  (^)  cuts  througli  the  linob.  of  force  at  nglit  angles,  and  the 
current  generated  is  at  its  maximum  pressure. 
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Fig.  1T7. 

Fig.  176  represents  the  character  o£  the  currents  generated 
by  the  two  coils  1,  (1)  and  2,  (2)  during  one  revolution  of 
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the  armature  of  a  two-pole  machine.  It  will  be  seen  that 
there  is  a  quarter  of  a  period  intervening  between  the  two 
curves  1,  (1)  and  2,  (2)  ;  also  that  at  any  given  instant  the 
currents  have  two  different  phases.  This  double  current 
generated  by  one  machine  is  called  a  two-phase  or  di-phase 
current. 

Three-phase  or  tri-phase  generators  have  the  armature 
wound  with  three  sets  of  coils,  Fig.  177  showing  the  manner 
in  which  these  are  arranged  in  a  machine  having  one  pair 
of  poles,  and  the  curves  in  Fig.  178  represent  the  character 
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Fig.  178. 

of  the  currents  generated  during  one  revolution  of  the 
armature. 

Three-phase  machines  have  almost  entirely  superseded 
the  two-phase,  for  by  using  the  same  amount  of  metal  in 
the  construction  of  both,  the  three-phase  machine  generates 
about  11  per  cent,  more  current  than  the  two-phase,  and 
motors  worked  by  the  former  have  a  higher  eflSciency  than 
those  worked  by  the  latter. 

A  reference  to  Fig.  178  will  show  that  at  any  given  instant 
the  currents  have  three  different  phases,  for  while  the  two 
portions  of  the  coil  1,  (1)  are  exactly  on  the  vertical  line 
opposite  to  the  N  and  S  poles  respectively  with  the  current 
momentarily  at  its  maximum  positive  pressure,  the   two 
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portions  of  the  coil  2,  (2)  are  inclined  at  an  angle  of  60°  to 
and  approaching  the  S  and  N  poles  respectively  with  the 
current  momentarily  at  half  negative  pressure,  and  the  two 
portions  of  the  coil  3,  (3)  are  inclined  at  an  angle  of  60", 
and  receding  from  the  N  and  S  poles  respectively  with  the 
cuiTent  momentarily  also  at  half  negative  pressure. 

It  may  be  as  well  here  to  point  out  that  the  current  in 
any  one  coil  at  any  given  instant  is  exactly  equal  to  the 


algebraic  sum  of  the  currents  in  the  other  two  coils.  Or 
we  might  say  that  at  any  moment  there  is  in  the  three  coils 
exactly  the  same  amount  of  current  flowing  in  a  positive  as 
in  a  negative  direction ;  for  if  the  current  in  one  coil  be 
momentarily  at  its  maximum  positive  pressure,  the  currents 
in  each  of  the  other  coils  will  be  pxactly  alike,  and  at  half 
negative  pressure,  the  sum  of  which  will  be  equal  to  the 
maximum  in  the  one  coil ;  or  if  the  current  in  one  coil  bo 
momentarily  at  zero,  ^e  currente  in  the  other  two  will  be 
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at  exactly  eijual  pressures,  bub  one  will  be  flowing  in  i 
positive  and  tlic  other  in  a  negative  direction. 

This  may  be  clearly  seen  in  Fig.  178,  wbere  the  height  a 
the  curves  above  and  below  the  neutral  line  indicate  resp* 
tively  the  relative  positive  and  negative  pressures  of  th( 
currents. 

This  fact  is  of  very  considerable  importance,  as  it  obviate 
the  necessity  for  using  six  wires  to  form  the  circuit,  for,  1 
a  suitable  arrangement  of  tbo  connections,  three  suffice,  I 
shown  in  Fig.  177,  or  more  clearly  in  Fig.  1 7!). 

It  will  be  seen  that  the  three  wires  forming  the  circua 
communicati!  with  oir'  end  of  each  of  the  three  c 
other  three  ends  of  wliicb  are  connected  together  in  thi 
centre,  where  their  cuii'ents  neutralise  each  other. 

By  toUoM-ing  the  course  of  the  two  negative  cuiTenta  a 
half  pressure,  it  will  be  seen  that  they  enter  the  generator 
at  coils  2  and  3  flowing  through  them,  then  through  coila 
(2)  and  (3),  and  meet  in  the  centre,  where  they  combine  and 
flow  as  one  current  into  coil  (1)  and  out  of  the  generato 
again  through  coil  1  as  a  positive  current  at  maximtu 
pressure. 

By   connecting  the  ends    o£    the  colls   of   a  two-phase 
generator  in  a  suitable  manner,  three  wires  are  also  sufficient 
to  form  the  circuit  instead  of  four,  so  that  in  this  respect 
two-phase  and  three-phase  currents  are  alike,  and  posse 
no  advantage  over  each  other. 

Continuous  or  Direct  Currents. — The  foregoing  com-^ 
prises  a  description  o£  how  single-phase,  two-phase,  and 
three  phase  alternating  currents  are  generated;  we  have 
now  to  consider  the  manner  in  which  a  continuous  o^ 
direct  current  is  generated. 

The  essential  diffijrencc  between  a  continuous  or  < 
current  generator  and  an  alternator,  whether  single  Of^ 
polyphase,  is  that  the  former  has  a  commutator  while  the 
latter  has  not. 

The  commutator  is  an  apparatus  for  collecting  separately,^ 
the  currents  flowing  in  opposite  directions  generated 
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those   coil«    which    happen    to    lje    momentarily    cutting 
through  tho  lines  of   force  at  the  N   poles,  and  by  those   ■ 
cutting   through   the   lines  of  force   at   the  S  poles,  and 
diverting    these    currents    into    two     separate    channels ; 
whereby  one  of  the  brushes  is  always  in  communication  ' 
with  the  ends  of  tho  coils  which  are  of  a  high  potential, 
and  the  other  brush  always  with  the  ends  which  are  of  a 
low  potential,  so  that  the  current  Hows  through  the  circuit   | 
from  one  brush  to  the   other  continuously   in   the   same  I 
direction,  instead  of  flowing  alternately  in  opposite  direc- 
tions from  one  to  the  otiier,  as  an  alternating  current  does. 

Fig.  180  shows  a  continuous-current  generator  with  one  N 
and  one  S  polo  and  two  coiLs  wound  on  the  armature  core, 
whose  four  ends  are  connected  to  a  collecting  ring  divided  , 
into  two  segments  thoroughly  insulated  from  one  another, 
having  two  brushes  pressing  against  its  surface  exactly  on 
the  neutral  lino  which  serve  to  connect  the  collecting  ring 
with  the  circuit. 

This  divided  collecting  ring  is  the  commutator,  also 
known  as  the  collector. 

The  brush  on  the  right-hand  aide  in  the  figure  communi- 
cates with  the  ends  of  the  armature  coila  which  are  of  a 
high  potential,  being  the  source  of  the  positive  current, 
while  the  brush  on  the  left-hand  side  communicates  with 
the  ends  which  arc  of  a  low  potential — being  the  source  of 
the  negative  current — and  the  cun-ent  flows  through  the 
circuit  from  the  positive  to  tho  negative  brush.  Assuming 
that  the  armature  is  being  revolved  in  a  clock-wise  direc- 
tion, as  indicated  by  the  arrows,  at  the  moment  when  both 
the  coils  are  on  the  neutral  line  there  will  be  no  current 
induced  in  them,  and  the  brushes  will  be  pressing  against 
both  segments  of  the  commutator  and  against  the  insulating 
medium  l>etwecn  them. 

As  the  armature  continues  to  rotate,  coil  1  commences  to 
cut  through  tho  lines  of  force  at  the  N  pole,  and  coil  2 
those  at  the  S  pole,  and  tho  induced  current  in  the  two 
coils  will  flow  in  opposite  directions  with  respect  to  the 
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onlooker,  as  indicated  by  the  arrows,  whereby  the  ends  of 
both  coils  in  contact  with  the  segment  a  are  of  a  high 
potential,  and  the  ones  in  contact  with  segment  6  are  of  a 
low  potential,  consequently  the  current  will  flow  through 
the  circuit  from  a  to  6. 

On  the  completion  of  half  a  revolution  both  coils  are 
again  on  the  neutral  line,  with  momentarily  no  current 
flowing  through  them,  but  next  instant  coil  1  commences 
to  cut  through  the  lines  of  force  at  the  S  pole,  and  coil  2 
those  at  the  N  pole,  so  that  the  induced  current  flows 
through  them  in  an  opposite  direction  to  what  it  did  before, 
and  the  ends  in  contact  with  segment  h  are  now  of  a  high 
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potential,  while  those  in  contact  with  segment  a  are  now  of 
a  low  potential. 

At  the  same  instant  as  the  current  in  the  coils  is 
reversed,  however,  whereby  the  potentials  of  the  two  seg- 
ments are  also  reversed,  the  brushes  pass  from  one  segment 
to  the  other ;  so  that  the  right-hand  brush  is  still  in  con- 
tact with  the  segment  of  high  potential  and  the  left-hand 
brush  still  with  the  segment  of  low  potential,  the  current 
flowing  through  the  circuit  in  the  same  direction  as  before ; 
or  from  segment  h  to  segment  a.  The  character  of  the 
current  generated  by  one  coil,  or  by  two  coils  placed 
diametrically  opposite  to  each  other,  as  shown  in  Fig.  180, 
during  one  revolution  of  the  armature  of  a  machine  having 
one  pair  of  poles  is  represented  by  the  curves  in  Fig.  181. 
It  rises  from  zero  to  its  maximum  pressure  as  the  coils 
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travel  from  the  neutral  line  to  the  vertical  centre  line,  and  j 
the  current  falls  again  to  zero  on  the  completion  of  half  a 
revolution,  when  the  coils  are  once  more  on  the  neutral  | 
line.     As  the  armature  continues  to  rotate  the  current  ris 
again  to  its  maximum  pressure,  and  finally  falls  to  zero  i 
the  completion  of  one  whole  revolution. 

The  curve  shows  that  the  current  flows  always  in  ona  1 
direction,  for  it  rises  on  one  side  of  the  neutral  line  only. 


Plfr  182. 

It  also  shows  that  the  current  has  only  one  phase,  and  that  J 
it  is  not  uniform,  but  flows  in  a  seiiea  of  waves,  rising  to  I 
its  maximum  pressure  and  dying  away  again  twice  during  I 
each  revolution  of  the  armature. 

UnifoTm    Continuous    Currents. — Our    next    example  ^ 
Fig.  182,  shows  the  same  machine  as  before,  with  two  more 
coils  on   the   armature   core  placed   exactly  diametrically 
opposite  to  each  other  and  midway  between  the  other  two, 
thus  making  a  total  of  four  coils. 
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The  commutator  is  now  divided  into  four  segments  in. 
stead  of  two,  to  uach  of  which  are  fastened  the  commence 
ment  o£  one  coil  and  the  end  of  the  one  following  it  aa 
before,  with  two  brushes  to  collect  the  current. 

At  a  certain  moment  while  the  armature  is  revoh-ing, 
coils  1  and  2  will  be  exactly  on  the  neutral  line,  while  coils 
3  and  4  are  on  the  vertical  centre  line  opposite  the  N  and 
S  poles  respectively,  with  each  brush  pressing  between  two 
segments  of  the  commutator. 

In  coils  1  and  2  the  induced  current  ia  momentarily  at 
zero,  while  in  coils  3  and  4  it  is  at  its  maximum  pressure. 
After  a  qiiavter  of  a  revolution  coils  3  and  4  are  on  the 
neutral  line,  with  the  induced  cuirent  at  zero,  while  coils  1 
and  2  are  on  the  vciiical  centre  line,  with  the  induced 
current  at  its  niaximurn  pressure.  It  may  be  seen  that  now 
the  current  flowing  into  the  circuit  never  sinks  to  zero,  tor 
when  one  pair  of  coils  is  on  the  neutral  line  the  current 
from  the  other  pair  has  a  free  passage  through  the  com- 
mutator segments  into  the  first,  and  thus  the  circuit  is- 
always  supplied  with  current  from  one  or  the  other  pair  of 
coils. 

The  character  of  the  current  generated  by  the  two  pairs 
of  coils  is  represented  by  the  curves  shown  in  Fig.  183, from 
which  it  may  bo  seen  that  as  the  current  generated  by  coils 
1  and  2  is  rising  from  zero  to  its  maximum  pressure,  the 
current  generated  by  coils  3  and  4  is  falling  from  its 
maximum  pressure  to  zero.  By  adding  the  two  currents 
together,  we  get  the  total  current  flowing  through  tho 
brushes  into  the  circuit  at  any  instant,  and  this  is  repre- 
sented by  the  dotted  curve  in  the  figure,  showing  that  the 
cunent  never  falls  to  zero,  but  is  at  its  minimum  pressure 
when  one  pair  of  coils  is  on  the  neutral  line,  and  at  its 
maximum  when  both  pairs  of  coils  are  at  equal  distances 
from  the  neutral,  and  from  tho  vertical  centre  lines  in  the 
position  shown  in  Fig.  182,  Tho  current  generated  by  two 
pairs  of  coils  Ls  thus  much  less  varying  than  that  generated 
hy  one  pair  only,  and  the  greater  the  number  of  coils  said 
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commutator  segments,  the  more  nearly  the  carrent 
approaches  absolute  uniformity. 

Variation  of  Voltage. — The  machine  shown  in  Fig.  170 
represents  a  continuous  or  direct-current  generator,  and  the 
iigui-e  shows  how  the  current  generated  is  utilised  for 
exciting  the  field  magnets,  by  allowing  a  portion  of  it  to 
flow  through  the  coils  of  copper  wires  wound  on  their  cores, 
thus  making  them  electro-magnets. 

By  introducing  i*esistances  in  front  of  the  magnet  coils 
which  may  be  switched  off  or  on,  the  amount  of  current 
flowing  through  them  can  be  increased  or  decreased,  thus 
exciting  the  magnets  more  or  less  powerfully,  whereby  a 
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current  of  a  liighev  or  lower  voltage,  within  certain  limits^ 
may  be  generated. 

The  field  magnets  have  their  cores  usually  made  of  steely 
and  they  retain  a  portion  of  their  magnetism  when  no 
current  is  flowing  through  the  coils  wound  on  them,  so  that 
a  feeble  current  is  induced  in  the  coils  of  the  armature 
when  the  machine  is  fii*st  set  in  motion.  As  this  current 
flows  through  the  coils  of  the  field  magnets  it  magnetises 
them  still  more,  and  a  stronger  cuiTcnt  is  then  induced  in 
the  coils  of  the  armature ;  thus  the  strength  of  the  field 
magnets  grows  and  the  current  generated  grows  too,  in  the 
same  proportion,  until  a  point  is  reached  when  the  field 
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magnets  become  saturated,  as  it  were,  with  magnetism,  and 
they  attain  their  maximum  strength.  This  method  of 
exciting  the  field  magnets  cannot  be  adopted  with  alter- 
nating machines,  for  the  alternating  current  is  constantly 
changing,  flowing  alternately  in  opposite  directions,  so  that 
it  is  useless  for  producing  electro-magnets,  as  these  would 
be  constantly  reversing  their  poles,  and  no  current  could  be 
generated. 

Alternating  machines  must  have  a  separate  continuous- 
current  generator  to  excite  their  field  magnets.  This  is  a 
small  generator,  usually  built  as  a  part  of  the  main 
machine,  with  its  armature  on  the  same  spindle  as  the 
armature  for  generating  the  alternating  current. 

In  our  next  chapter  we  shall  deal  with  what  is  fast 
becoming  an  influential  part  of  the  electrical  industry,  viz., 
the  construction  of  the  various  types  of  electro-motors. 
The  great  increase  in  the  use  of  this  power  for  driving 
machinery  and  other  purposes,  gives  this  section  of  our 
subject  a  special  interest. 
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ELECTRO-MOTORS. 

The  different  types  of  electric  generators  and  the  character  | 
of  the  currents  they  generate  ha\'ing  now  been  described,  I 
we  have  still  to  consider  how  the  power  expended  in  the  I 
generation  of  the  current  by  forcibly  revoh'ing  the  armature  ( 
of  the  generator  may  be  regained  at  aome  distant  place,  by 
conducting   the   current   thence   along   copper   wires,   and  I 
causing  it  to  flow  tlurougb  a  motor,  whereby  its  arniatm-c  is  I 
set  in  motion  with  almost  the  same  force  as  that  applied  to 
the  armatui-e  of  the  generator  to  produce  the  current,  the  losa   i 
of  power  being  due  mainly  to  the  resistance  of  the  con- 
ductors opposing  the  flow  of  the  current,  but  also  to  several 
other  causes,  such  as  the  fiiction  of  the  armature  spindles 
on  their  bearings,  &c     Continuous-current  motors  are  con- 
structed on  exactly  the  same  lines  as  generators. 

In  a  generator  the  coils  of  the  armature  cut  through  the  | 
lines  of  force  in  a  magnetic  field,  causing  magnetic  lines  of  ] 
iorce  to  travel  round  the  coils  in  opposition  to  those  of  the  \ 
magnetic  field,  and  a  current  of  electricity  to  flow  through  | 
them. 

In  a  motor  a  current  of  electricity  magnetises  the  field  I 
magnets,  thus  producing  a  magnetic  field  in  which  the  j 
armature  is  suspended,  and  a  current  of  electricity  at  the  I 
same  time  flows  through  the  coils  of  the  armature,  causing  | 
magnetic  lines  of  force  to  travel  round  them,  wliich,  by  1 
setting  themselves  in  opposition  to  those  of  the  m^notio  I 
field,  impart  rotation  to  the  armature. 

Fig.  184  shows  the  manner  in  which  the  current  from  the  i 
generator  is  made  to  flow  through  the  motor  by  connecting  I 
the  two  brushes  of  the  former  with  those  of  the  latter. 
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In  ttio  motor  as  well  &»  in  the  generator  a  portion  of  tlio 
current  flows  through  the  coils  of  the  field  mo^aet'^,  while 
the  rest  flowa  through  those  of  the  armature. 

Since  by  passing  a  current  of  electricity  through  a 
conductor  magnetic  lineH  of  force  arc  made  to  circle  round 
it  in  either  direction,  according  to  which  end  the  current  is 
made  to  enter  the  conductor,  it  is  obvious  that  if  a  con- 
ductor is  suspended  in  a  constant  magnetic  field  and  a 
current  be  sent  through  it,  entering  first  at  one  end,  then 
at  the  other,  tlie  lines  of  force,  by  circling  round  the 
conductor,  first  in  one  cliroction,  then  in  another,  will  cause 
it  to  move  in  opposite  dii-ectiona.  By  this  means  the 
armature   of  a   motor   can   be  made    to   rotate   in   either 
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direction  and  reversed  at  will,  the  manner  in  which  this  is 
effected  Iwing  shown  in  the  diagram. 

By  means  of  a  double-pole  switch  connected  with  tho 
positive  and  negative  brushes  of  the  generator,  the  brushes 
of  the  motor  can  be  difl'erently  connected  with  those  of  the 
generator,  so  that  either  becomes  positive  or  negative,  and 
the  current  is  thereby  made  to  flow  through  the  coils  of 
the  armature  in  either  direction. 

The  cuiTent  flowing  thi-ough  the  coils  of  the  field  magnets 
may  not  be  reversed,  however,  as  the  poles  must  always 
remain  constant. 

Single-phase  alternating-current  motors  are  al.so  con- 
structed on  exactly  the  same  lines  as  Uie  generator ;  that  in, 
the  field  magnets  are  excited  separately  by  a  continuous 
current  flowing  through  their  coils,  while  the  armature  Is 
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supplied    with   alternating    current    from    the    generator.  J 
(See  Fig.  185.) 

It  is  essential  in  these  machines  that  the  motor  should  I 
run  at  exactly  the  same  speed  as  the  generator  if  botlt] 
machines  have  an  equal  number  of  poles,  and  faster  orj 
slower  if  the  motor  has  fewer  or  move  poles  than  the  I 
generator,  and  in  proportion  to  the  niimhcr  of  poles  in  hoth  1 
machines.     The  poles  of  the  field  magnets  remain  constiint. 
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whereas  the  current  in  the  coils  of  the  armature  is  con- 
stantly changing. 

At  a  certain  moment  one  set  of  coils  is  opposite  the  N 
poles,  and  the  other  set  opposite  the  S  poles,  with  the 
current  flowing  through  them  in  opposite  directions,  so 
that  they  both  tend  to  impart  rotation  to  the  armature  in 
one  direction  only. 

Next  instant  the  current  in  the  coila  is  reversed,  and  in 
order  that  the  rotation  of  the  armature  may  continoe  in 
the  same  direction  the  coil.'i  must  have  traversed  the  space 
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which  Jivicles  a  N  polo  from  a  S  pnle,  so  tlutt  those  coils 
which  were'  formerly  opposite  tlio  N  poles  are  now 
opposite  the  S  poles,  and  those  coiln  which  were  opposite 
the  S  pole.5  are  now  opposite  the  N  poles.  That  is  to  say, 
a  coil  being  opposite  a  N  polo  with  the  current  tiowinj:; 
momentarily  through  it  towards  the  onlooker  tenda  to 
impart  a  clockwise  rotation  to  the  armature.  Next  instant 
the  cun'ont  flows  away  from  the  onlooker,  and  if  the  coit 
be  still  opposite  a  N  pole  it  will  drive  the  armature  back 
again,  or  in  an  opposite  direction.  As  the  current  changes, 
therefore,  the  coil  must  have  travelled  as  far  as  the 
neighbouring  S  pole,  so  that  the  armature  may  continue 
rotating  in  the  same  direction,  otherwise  it  will  simply 
oscillate  backwanls  and  forwards. 

In  order  that  the  motor  may  work,  the  armature  mnst 
traverse  the  space  dividing  a  N  from  a  S  pole  witli  the  same 
frequency  as  the  current  changes  from  positive  to  negative. 
To  start  the  motor,  the  armature  must  bo  first  revolved  by 
hand,  or  by  any  other  means,  until  the  necessary  speed  is 
attained,  when  it  will  continue  revolving  as  long  as  it  is 
supplied  with  current,  but  it  is  liable  to  atop  if  a  heavy 
load  is  suddenly  put  on. 

In  the^case'ot  small  motors  a  portion  of  the  alternating 
current  may  be  converted  into  a  pulsating  continuous 
current  hy  means  of  a  commutator  on  the  armature  spindle, 
with  which"the  magnets  can  be  sufficiently  excited. 

The  larger  motors  are  usually  built  with  a  small  con- 
tinuous-current generator  on  the  armature  spindle  for 
exciting  the  field  magnet.  To  start  these  motors  the  small 
generator  may  be  made  to  work  as  a  motor  by  supplying 
it  with  continuous  current  from  an  accumulator  until  the 
requisite  speed  is  imparted  to  the  armature,  when  the 
accumulator  may  be  switched  off,  and  the  motor  then 
generates  its  own  continuous  current  for  exciting  the  field 
magnets,  with  which,  too,  the  accumulator  may  be  re- 
charged. Two  and  three-phase  alternating-current  motors 
may  also  be  worked   on  this  principle,  and  they  have  the 


1 

i 


aiivantage  over  aiiigle -phase  motors  in  being  self-starting, 
at  leaat  when  unloaded. 

In  recent  years  single  and  polypha.se  alternating-current  ] 
motors  have   been   devised   and  constructed  which   ivork, 
although  not  well,  on  the  same  principle  as  continuous- 
current  motors;   that  is  to   say,   the   alternating   cmTent  I 
flows  through  the  coils  of  the  field  magnets  and  magnetises  1 
them  at  the  same  time  as  through  the  coils  of  the  armature, 
the  use  of  a  commutator  being  thus,  of  course,  necessary. 

The  cores  of  the  field  magnets  must  be  specially  con- 
structed, having  alternate  layers  of  very  thin  sheets  of 
special  soft  iron  and  thin  insulating  matenal,  so  as  to 
obviate  aa  much  as  possible  the  loss  of  power  that 
magnetising  them  alternately  in  opposite  directions  entails; 
for  electro-magnets  with  cores  of  very  soft  ii-on  retain  only 
a  very  small  portion  of  their  magnetism,  or  none  at  all, 
after  the  cuiTent  ceases  to  flow  through  their  coils,  whereas 
those  having  steel  cores  retain  a  considerable  portion  of 
their  magnetism. 

These  motors  are  self-stai-tLng  imder  full  load,  and  they  | 
can  be  lira  at  any  speed,  independently  of  that  at  which  | 
the  generator  runs. 

The  disadvantage  of  having  a  commutator  on  any  class  1 
of  generator  or  motor  Kes  in  the  fact  that  as  a  commutator  J 
segment  crosses  the  neutral  line  where  the  brushes  press  I 
against  the  commutator,  opposing  currents  suddenly  meet,-! 
which  cause  sparks  to  form  between  the  segment  and  the  J 
brush,  thereby  injuring  the  surface  of  the  commutator. 

TIio  liability  to  sparking  is  greatest  on  those  motors  I 
which  run  in  both  directions ;  but  it  can  be  kept  within  1 
practical  limits  by  working  them  with  a  current  of  not] 
more  than  about  500  volts  pressure,  and  by  the  iiso  of  I 
thick  carbon  brushes  adjusted  to  press  radially  against  tbc.l 
surface  of  the  commiitator. 

Tlie  modern  alternating-current  motors,  so-called  indtw-j 
Hon  motors,  arc  worked  on  an  entirely  difi'erent  prindplw 
from  those  hitherto  described,  having  only  the  field  magnel 
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excited,  the  armature  being  altogether  disconnected  from 
the  generator. 

These  motors  have  a  very  high  efficiency,  and  are  self- 
starting  under  full  load.  They  have  no  commutator,  but 
simple  collecting  rings  on  the  armature  spindle  become 
necessary  if  the  speed  requires  regulating,  otherwise  they 
can  be  entirely  dispensed  with. 

Induction  Motors.—  If  we  take  two  semicircular  pieces 
of  iron,  and  by  winding  insulated  copper  wire  round  them 
in  the  manner  shown  in  Fig.  186,  and  passing  a  current  of 


I 

r 

Fiff.  186 

electricity  through  the  wire  we  produce  two  electro-magneis, 
having  the  two  N  poles  opposite  to  each  other,  and  like- 
wise the  two  S  poles  opposite  to  each  other ;  and  the  lines 
of  force  will  have  a  tendency  to  traverse  the  air  space  inter- 
vening between  the  two  poles,  as  shown  by  the  dotted  lines 
and  arrow  heads,  thus  producing  a  magnetic  field  between 
the  two  poles. 

If  we  join  these  two  semicircular  magnets  together  the 
poles  still  remain  the  same,  and  the  lines  of  force  will  take 
the  same  course  from  one  to  the  other  as  before,  so  that  the 
magnetic  field  remains  unaltered. 

A  A 
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If  we  now  suspend  a  ring  of  copper  or  other  condiicl 
metal  R,  so  that  it  is  free  to  revolve  inside  the  magnet  ring, 
and  revolve  the  latter,  so  that  the  lines  of  foree  passing 
from  the  N  to  the  S  poles  are  cut  through  by  the  wire  ring, 
magnetic  lines  of  force  will  circle  round  the  wire  in  such  a 
direction  that  they  resist  the  rotation  of  the  magnet  ring, 
and  because  the  former  is  free  to  revolve,  the  latter  drags  it 
round  with  it  and  causes  it  to  rotate,  but  at  a  slow 


as  otherwise  no  lines  of  force  would  be  cut  through,  ada 
magnetic  lines  of  force  would  cease  to  circle  round  the 
wire. 

Tills  explains  briefly  the  principle  on  which  induction 
motora  are  worked,  but  although  in  these  motors  a  rotating 
magnetic  iield  is  necessary,  the  magnets  themselves  do  not 
rotate,  for  with  two  or  more  alternating  currents  of  different 
phase  a  rotating  magnetic  field  can  be  produced  with 
stationary  field  magnets. 

A  three-phase  induction  motor  has  field  magnets  consist- 
ing of  a  laminated  iron  ring  wound  with  three  sets  of  coils, 
in  the  same  manner  as  the  armature  of  the  generator  shown 
in  Figs.  177  nud   17^,  each  set  of  coils  on  the  motor  being 
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connected  directly  with  the  corresponding  ones  on  the 
generator.  Fig.  187  showa  the  armature  and  Held  magnets 
of  a  motor  in  position,  with  the  coila  of  both  shown  in 
sectiiKi,  the  former,  to  avoid  complicating  the  description, 
being  shown  as  if  each  were  wound  only  once  round  the 
core,  instead  of  a  great  many  number  of  times,  as  is  the 
case  in  the  actual  machines ;  and  the  adjoining  cur\'es 
represent  the  character  of  the  currents  flowing  through 
each  coil  at  any  moment  during  one  revolution  of  the 
armature  of  the  generator. 

At  a  certain  moment  the  euirent  in  coil  !,  (1)  is  at  ita 
maximum  pressure,  while  in  coils  (2),  2  and  (3),  3  the  cur- 
rents are  at  half  pressure ;  in  coil  (2),  2  growing  and  in 
coil  (3),  3  diminishing.  The  currents  flowing  through  the 
coils  above  the  horizontal  centre  line  are  momentarily  posi- 
tive, while  thasc  flowing  through  the  coils  below  are  momen- 
tarily negative,  and  the  lines  of  force  travel  through  the 
iron  core  of  the  field  magnets  in  the  manner  shown  by  the 
dotted  lines  and  arrow  heads,  thereby  producing  a  N  pole 
on  the  left-hand  side,  and  a  S  pole  on  the  right-hand 
side. 

As  the  armature  of  the  generator  continues  to  revolve, 
the  currents  flowing  through  the  coils  alter,  so  that  a 
moment  afterwards  it  bus  attained  its  maximum  pressure 
in  coil  (2)  2,  nest  moment  in  coil  (3)  3,  and  aft<:r  half  a 
revolution  in  coil  1  (1)  again,  but  reversed;  so  that  those 
coils  which  are  above  the  horizontal  centre  line  have  now  a 
negative  current  flowing  through  them,  and  those  below  a 
positive  current.  Thu,s  the  current  attains  its  maximum 
positive  and  negative  pressure  in  each  pair  of  coils,  placed 
diametrically  opposite  to  each  other  in  succession,  so  that 
the  N  and  S  poles  are  constantly  assuming  a  diflerent 
position  and  travel  right  round  the  ring,  whereby  the  mag- 
netic field  rotates  just  as  it  the  magnetic  ring  itself  were 
being  revolved,  and  with  the  same  speed  as  the  armature  of 
the  generator  which  supplies  the  current. 

The  armature  consists  of   a  cylindrical  laminated    iro:i 
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core,  having  a  spindle  on  which  it  revolves,  and  a  number 
of  insulated  copper  wires  or  bars  arranged  on  its  outer 
aui-face,  parallel  ^vith  each  other  and  with  the  spindle. 
These  wirea,  or  bars,  are  connected  together  at  both  ends  on  , 
the  face  of  the  core  by  metal  rings  or  discs,  one  on  i 
side,  80  that  the  induced  current  can  flow  freely  fi-oin  ona 
wire  to  another;  but  they  have  no  connection  with  the 
generator  whatever,  the  current  flowing  through  them 
being  generated  as  the  linas  of  force  from  the  rotating 
magnetic  field  are  cut  through  by  the  wires,  thus  causing 
opposing  lines  of  force  to  circle  round  them. 

Instead  of  connecting  all  the  wires  together  so  that  the 
induced  current  can  flow  uninterruptedly  from  one  to  the 
other,  they  can  be  connected  in  groups  to  insulated  metal  . 
rings  on  the  armature  spindle,  having  brushes  to  collect  , 
the  current  connected  with  resistances  through  which  the 
cun-ent  is  compelled  to  flow,  whereby  a  portion  of  it  is 
destroyed,  and  thus  less  current  Hows  through  the  wii'CS 
and  fewer  lines  of  force  circle  i-ound  them. 

By  means  of  a  switch  any  number  of  resistances  can  be 
switched  on,  or  all  can  be  disconnected,  allowing  the  full 
current  to  flow  through  the  wires,  whereby  the  speed  of  the 
armature  can  be  regulated,  this  being  especially  necessary 
while  starting  and  stopping  with  a  heavy  load,  or,  in 
fact,  whenever  starting  and  stopping  gradually  is  de- 
sirable. 

Two-phase  induction  motors  are  worked  in  exactly  the 
same  manner,  only  that  two  sets  of  coils  are  wound  on  the 
field  magnets  instead  of  three,  the  current  being  supplied 
by  a  two-phase  generator. 

Lately  induction  motora  have  been  made  to  work  with 
single-phase  current  by  splitting  up  the  current  into  two 
portions,  and  retarding  one  portion  so  that  it  enters  the 
motor  a  quarter  of  a  period  behind  the  other,  thereby  pro- 
ducing a  second  pha'^e  artificially  while  the  motor  is  being 
started  and  until  it  has  attained  its  full  speed,  when  it  con- 
continues  working   with   the   single-phase   current   in   ita 
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ordinary  state,  oscillating  backwards  and  forwards  be- 
tween the  two  portions  of  the  coils  placed  diametrically 
opposite  to  each  other.  These  machines  are  not  nearly  so 
efficient  as  the  two  and  three-phase,  however,  and  they  are 
liable  to  stop  whenever  a  heavy  load  is  suddenly  put  on. 
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CHAPTER   XXIII. 


TRANSFOBMEIiS. 

We  h&VQ  alrcatly  mentioned  tliat  the  electric  unit  of  | 
power,  the  volt-ampere  or  watt,  equal  to  about  y|y  of  i 
horae-power,  is  the  product  of  one  volt  and  one  amp&re.  1 
Thus  the  power  of  a  current  of  100  amperes  at  10  volts  J 
pressure  is  one  kilowatt,  equal  to  about  1^  horse-power,  and  1 
the  power  of  a  current  of  10  ampijres  at  100  volts  pressure  J 
is  also  one  kilowatt. 

The  sectional  area  of  the  wire  along  which  a  current  is  J 
conducted  is  dependent  on  the  aruperea  of  current ;  tlius  to  1 
conduct  a  current  of  100  ampfcrcs  a  copper  wire  having  an  J 
area  of  about  50  square  rDillimctrcs  is  required ;  whei'eas  to  I 
conduct  a  cun-ent  of  10  ampferea  an  ai-ea  of  about  2-J-  square  I 
millimetres  is  sufficient,  quite  independently  of  the  voltage  I 
of  tlio  current. 

The  power  which  can  be  transmitted  electrically  by  1 
means  of  a  wire  having  a  given  area  varies,  therefore,  with  1 
the  pressure  or  voltage  of  the  current ;  thus  along  a  copper  I 
wire  having  an  area  of  50  square  millimetres,  equivalent  to  J 
about  a  quarter  of  an  inch  diameter,  one  kilowatt,  equal  to  I 
1-5- horse-power,  can  be  transmitted  with  a  current  at  10  volta  I 
pressure ;  or  10  kilowatts,  equal  to  13^}  horse-power,  with  a  1 
current  at  1 00  volts  pressure  ;  and  lUO  kilowalts,  equal  to  I 
133}-  horse-power,  with  a  current  at  1000  volts  pressure. 

These  figures  are  only  approximate,  and  meant  to  show  I 
the  relation  that  exists  between  the  powers  that  can  ba  J 
transmitted  at  different  voltages,  as  no  general  rule  can  be  J 
laid  down  for  determining  the  size  of  a  wire  to  conduct  &  i 
given  current ;   since,  owing  to  internal  resistance,  the  wire  J 
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becomes  more  or  Jess  heated,  with  a  consequent  loss  of 
cuirent. 

By  increasing  the  sectional  area  of  a  wire  its  conductivity 
is  increased,  and  there  will  be  less  current  absorbed  in  the 
shape  of  heat. 

It  is  obvious  that  there  will  be  a  greater  loss  in  conducting 
a  cun-ent  along  a  very  long  wire  than  along  a  very  short 
one,  and  the  loss  is  proportional  to  the  length  of  the  wire; 
so  that  if  conductmg  a  current  along  a  very  short  wire 
results  in  a  certain  percentage  of  loss,  whereby  the  wii-e 
becomes  appreciably  warm,  by  increasing  the  length  with- 
out increasing  the  sectional  area  of  the  wire  a  point  will 
eventually  he  reached  where  the  whole  of  the  current  is 
absorbed  in  the  shape  of  heat,  and  none  ia  available  for 
other  purposes. 

The  main  point  to  be  considered  in  determining  the  size 
of  the  wire  where  a  current  has  to  Ic  conducted  a  very 
long  distance,  is  the  capital  which  must  be  spent  on  the 
conducting  wire,  and  to  what  extent  this  may  be  increased 
to  minimise  the  loss  of  current  in  the  wire  by  increasing  its 
area,  so  that  the  money  representing  the  extra  current 
obtained  thereby  cord's  the  intoroat  on  the  extra  outlay. 
This  is,  of  course,  a  very  complicated  matter,  and  reyuirca 
very  deep  and  careful  calculation. 

From  the  foregoing  it  will  he  clearly  understood  that  to 
conduct  a  current  of  electricity  to  any  considerable  distance 
economically  a  high  voltage  must  be  employed,  so  aa  to 
reduce  the  quantity  of  copper  in  the  wires  as  much  aa 
possible. 

On  the  Continent  and  in  the  United  States  of  America 
currents  of  as  high  a  voltage  as  10,000  or  12,000  are  by  no 
means  infrequently  used  for  transmitting  power  electrically 
to  very  great  distances,  and  there  are  instances  where  even 
30,000  volts  are  attained.  There  are  isolated  instances  of 
continuous  currents  being  employed  for  ti^ansmitting  power 
to  very  great  distances  at  very  high  voltages  reaching  up  to 
15,000,  but  it  is  impossible  with  one  machine  to  generate 
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a  continuous  current  of  such  a  high  voltage  as  this. 
such  cases  several  generators  must  be  used  connected  in  series, 
80  that  the  current  generated  by  the  first  passes  on  to  the 
second,  and  fi'om  this  to  the  third,  and  so  on,  the  voltage 
being  increased  as  the  current  passes  through  each  successive 
machine,  but  the  difference  of  potential  between  the  positive 
and  negative  terminals  of  any  one  machine  may  not  exceed 
about  2000.  And  in  the  same  way  at  the  receiving  station, 
■where  the  current  is  conducted,  it  drives  a  number  of  motors 
connected  in  aeries. 

In  Switzerland,  where  a  continuous  current  of  14,400  volt-s 
is  generated  at  Combe-Gan-ot  and  conducted  a  distance  of 
twenty  kilometres  to  Chaux  de  Fonda,  nine  generators  are 
used,  connected  in  series,  so  that  the  difference  of  potential 
between  the  positive  and  negative  terminals  of  any  one 
generator  does  not  exceed  1800  ^'olt•^,  and  at  the  receiving 
station  the  niotora  work  with  a  maximum  difference  of 
potential  of  COO  volts  between  each  of  their  positive  and 
negative  terminals, 

It  is  possible,  although  difficult,  to  construct  good 
dynamos  to  generate  a  continuous  current  of  2000  to  3000 
volts,  or  even  more,  but  the  difficulty  of  effectively 
insulating  these  machines  and  constructing  them  so  that 
no  sparks  are  formed  at  the  commutator  is  so  j^at,  and 
involves  a  so  much  greater  cost,  that  such  high  voltages 
cannot  he  generated  economically;  nor  is  this  of  very 
great  importance  in  these  days  when  alternating  currents 

n  be  generated  so  easily  to  serve  the  same  purpose, 
namely,  to  transmit  power  from  one  place  to  another  at  a 
very  great  distance  away,  and  when  alternating  machines 
have  reached  such  a  high  state  of  perfection. 

The  employment  of  such  high  voltages  is,  of  course,  not 
without  some  considerable  danger  connected  with  it  which 
must  be  carefully  guarded  against,  as  a  shock  might  result 
in  instant  loss  of  life  or  permanent  disablement  of  a  person, 
and  the  insulating  material  surrounding  wires  in  contacb 
with  metals  or  other  conducting  substances  must  be  v( 
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perfect,  as  it  is  otherwise  very  liable  to  be  punctured  b3' 
the  current  in  its  endeavours  to  force  itself  a  way  through 
and  escape. 

For  general  motive  purposes  or  for  driving  motors  which 
re<|uire  to  be  frequently  reveraed,  a  continuous  current  of 
from  100  to  500  volts  is  most  frequently  and  satisfactorily 
emiiloyed. 

Incandescent  lamp-j  are  now  made  giving  satisfactory 
re^^ults  when  used  with  a  cun'ent  at  220  or  even  250  volts 
but  the  life  of  the  lamps  is  shortened  to  a  prohibitive  extent 
by  raising  the  voltage  beyond  this.  The  most  common 
voltage  for  lighting  with  incandescent  lamps  is  100,  and  it 
is  only  within  the  last  few  years  that  manufacturers  have 
been  able  to  put  on  the  market  a  durable  and  efficient  lamp 
for  use  on  220-volt  circuits.  Alternating  currents  can 
be  generated  at  a  much  higher  voltage  and  with  greater 
ease  than  continuous  currents,  for  the  sensitive  part  of 
the  continuous-current  generator,  namely,  the  commutator, 
does  not  exist  in  the  alternating  machines,  as  these  have 
only  simple  slip  rings  and  brushes  for  collecting  the 
current. 

There  is  also  another  reason  why  alteinating currents  can 
be  generated  advantageously  at  a  very  high  voltage, 
whereas  continuous  currents  cannot.  A  high  -  voltage 
current  is  only  advantageous  in  transmitting  power  between 
two  distant  places  on  account  of  the  saving  that  can  be 
effected  in  the  conducting  wires,  but  for  use  in  the  ordinary 
way  for  motive  purposes  it  is  extremely  inconvenient,  as 
well  as  dangerous,  and  for  lighting  purposes  altogether 
impracticable.  With  alternating  currents  the  voltage  can 
be  i-aised  or  lowered  with  the  greatest  ease  by  means  of 
transformers  which  have  no  rotating  parts,  consequently 
require  no  attention  and  have  also  a  verj'  high  efficiency 
that  is  to  say,  there  is  only  a  very  slight  loss  of  power  i: 
transforming  an  alternating  current  from  a  high  to  a  low 
voltage,  or  vice  veisd. 

A  current  is  generated  at  say,  200O  volts,  and  by  means 
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of  transformers  this  voltoge  is  raised  to,  say,  30,000,  so  as 
to  economise  in  the  wires  necessary  to  conduct  the  current 
to  a  receiving  station  at  a  far-distant  town,  where  it  is  to 
be  uiilised  for  lighting  purposes.  At  the  receiving  station 
the  current  of  30,000  volta  is  transformed  into  one  of  2000 
volts,  and  iu  that  state  conducted  to  the  different  houses,  at 
each  of  which  it  is  again  transfoi-med  to  100  volta,  so  as  to 
be  suitable  for  lighting  with  incandescent  lamps.-  In  ibis 
way  a  great  saving  is  effected  in  the  conducting  wires,  and 
inside  the  town  tlie  voltage  is  kept  down  to  within  reason- 
able and  convenient  limits, 

Transformers  for  continuous  currents  are  combinations  of 
a  dynamo  and  a  motor,  and  have  consequently  the  disad- 
vantages of  both,  besides  being  compai-atively  expensive 
machines.  The  motor  receives  the  current  at  a  high  or  low 
voltage  and  drives  the  dynamo  which  is  wound  to  generate 
a  current  of  the  required  voltage. 

For  example,  a  100-kilowatt  machine  generates  a  continu- 
ous current  of  say,  100  anipferes  at  1000  volts  pressure, 
which  must  be  utilised  for  lighting  purposes  a  considerable 
distance  away. 

This  current  drives  the  motor-dynamo  which  transforms 
it  into  one  of  nearly  1000  amperes  at  100  volts  pressure, 
there  being  some  loss  of  power  due  to  the  internal  resistance 
of  the  machine  itself.  Rotary  transformers  con&ist  some- 
times of  two  separate  machines,  a  dynamo  and  a  motor, 
mounted  on  one  base  plate  and  iirmly  coupled  together; 
but  usually  a  special  machine  is  used,  furnished  with  a 
double  armature  having  two  separate  sets  of  coils  with 
two  commutators  mounted  on  one  spindle,  one  half 
working  as  a  motor  and  causing  the  spindle  to  rotate, 
while  the  other  half  works  as  a  dynamo  and  generates 
a  current.  These  machines  can  also  be  made  for  driving 
with  an  alternating  current  and  generating  continuous,  or 
for  driving  with  a  continuous  current  and  generating 
alternating. 

For  altering  the  voltage  of  alternating  currents  stationary 
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transformers  are  used,  which  are  altogether  unlike  the 
rotary  transformer  for  continuous  currents,  having  no  work- 
ing parts  whatever ;  consequently  they  have  a  very  high 
efficiency  and  require  no  more  attention  than  the  conducting 
wires. 

In  its  simplest  form  this  class  of  transformer  consists 
of  an  iron  ring  having  a  primary  and  a  secondary  coil  of 
insulated  copper  wire  wound  round  it,  in  the  manner 
shown  in  Fig.  188.     The  two  ends  of  the  primary  coil  a  are 


Fig.  188. 

connected  with  the  positive  and  negative  terminals  of  a 
generator  so  that  a  current  passes  through  the  wire  forming 
the  coil,  causing  lines  of  force  to  circle  round  it  which 
travel  through  the  iron  ring  and  magnetise  it. 

As  the  magnetic  lines  of  force  traverse  the  portion  of 
the  iron  ring  where  the  secondary  coil  6  is  wound  they  are 
intercepted  and  cut  through  by  the  wires,  thus  causing 
opposing  lines  of  force  to  circle  round  them,  and  a  current 
of  electricity  to  flow  through  the  secondary  coil  b. 


in 
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Coil  a  receives  its  current  direct  from  the  generator,  and*! 
is  tlierefore  primary,  whereas  the  secondary  coiHi  receives  "I 
ita  current  by  induction. 

If  both  coils  consist  of  an  equal  number  of  turns  round  ■ 
the  iron  ring,  the  same  number  of  lines  of  force  which 
circle  I'ound  the  wire  formiug  the  primary  coil,  and  which 
magnetise  the  iron,  are  cut  through  in  the  same  time  by 
the  wire  forming  the  secondary  coil,  and  the  induced  or 
secondary  current  will  be  theoretically  exactly  the  same  as 
the  primary. 

If  the  secondary  coil  has  more  turns  than  the  pnmary, 
the  voltage  of  the  secondary  current  will  be  higher  than 
the  primary  ;  for  a  greater  number  of  lines  of  force  will  be 
cut  through  in  a  given  time  by  the  secondary  coil  than  are 
emitted  from  the  primary  coil ;  but  the  amperes  of  the 
secondary  current  will  he  less  than  the  ampferes  of  the 
primary,  the  product  of  the  volts  and  the  amperes  or  the 
watts  being  theoretically  the  same  in  botli  tiie  primary  and 
secondaiy  currents.  If,  on  the  other  hand,  the  primary  coil 
has  a  greater  number  of  turns  than  the  secondary,  the 
voltage  of  the  secondary  current  will  be  lower  than  the 
voltage  of  the  primary,  but  tiie  amperes  will  be  increased. 

In  the  figure  the  coil  a  consists  of  four  turns  and  b 
consists  of  eight.  Assuming  that  a  is  the  primary  coil 
having  a  current  of  20  ampfirea  at  100  volts  pressure 
ttowing  tlirough  it,  the  current  induced  in  coil  b  will  be 
nearly  10  amperes  at  200  volts  pressure.  There  will  be 
some  loss  of  power  due  to  the  resistance  to  the  electric 
current  in  the  coils  and  to  the  magnetic  lines  of  force  in 
the  iron  core,  and  some  also  due  to  the  fact  that  not  all  the 
lines  of  force  are  utilised  for  inducing  a  current  in  the 
secondarj-  coil,  as  some  manage  to  escape  through  the 
air  instead  of  through  the  iron  core  and  past  the  secondary 
coil. 

Transformers  of  this  class  are  merely  practical  applica- 
tions in  their  simplest  possible  form  of  the  principles 
enumerated  in  Lenz's  law.    That  is  to  say,  an  alternating 
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current  flowing  through  a  coil  of  insulated  copper  wire 
surrounding  a  piece  of  iron  constantly  magnetises  it  alter- 
nately in  opposite  directions,  and  causes  a  constant  change 
to  take  place  in  a  magnetic  field  in  relation  to  an  electrical 
conductor  placed  within  its  influence,  namely,  the  secondary 
coil,  and  thereby  produces  by  induction  an  alternating 
electric  current  in  the  secondary  coil. 

It  is  clear  that  if  a  continuous  current  were  to  flow 
through  the  primary  coil  an  alteration  in  the  magnetic 
field  in  relation  to  the  electrical  conductor  forming  the 
secondary  coil  would  only  take  place  at  the  instant  when 
the  current  is  turned  on  or  ofi^,  thereby  momentarily 
inducing  a  feeble  current  in  the  secondary  coil.  These 
transformers,  therefore,  can  only  be  used  with  alternating 
currents. 

Properly  constructed  transformers  for  alternating  currents 
of  from  5  to  200  kilowatts  have  an  efficiency  of  about 
93  to  98  per  cent.,  the  larger  ones  having  a  higher 
eflSciency  than  the  smaller.  That  is,  about  2  to  7  per  cent, 
of  the  current  is  lost  in  the  process  of  transformation, 
through  the  internal  resistance  of  the  machine,  when  used 
with  the  full  current  for  which  it  is  constructed,  but  when 
used  with  a  weaker  current  the  percentage  of  loss  is  con- 
siderably greater. 


CHAPTER  XXIV. 


MEASUREMENT  OF   CURBEXT. 


Having  brietty  iloscribed  the  principle  of  the  moden 
electric  generators,  motors,  and  transformers,  wc  will  proceed  I 
to  define  more  clearly  some  of  the  units  in  which  the  power  I 
of  a  current  is  expressed,  and  which  have  been  frequently! 
mentioned  in  the  foregoing  chapters,  as  well  as  to  describe! 
what  relation  they  bear  to  one  another,  and,  as  far  as  I 
possible  in  a  simple  manner,  how  they  are  measured  anrtj 
what  their  equivalents  are  in  measures  with  which  all  are^ 
familiar. 

The  Ampire,  the  unit  in  which  the  quantity  of  electricity  1 
conveyed  in  a  current  is  expressed,  is  that  quantity  flowing! 
for  one  second  of  time  through  a  solution  of  nitrate  of  silver  1 
in  water  which  deposits  112  mgr.  of  silver.  It  may  also  J 
be  measured  by  the  power  of  the  magnetic  lines  of  force  J 
which  it  is  capable  of  creating  when  conducted  along  a  coilJ 
of  wire  ;  and  on  this  property  is  ba.'sed  the  construction  off 
the  modern  amptre-meter,  or  ammeter. 

The  Ohm,  the  unit  in  which  resistance  to  the  flow  of  al 
current  of  electricity  is  expressed,  equivalent  to  friction  in'l 
mechanics,  is  the  resistance  of  a  column  of  mercury  having: 
a  sectional  area  of  one  square  millimetre  and  a  length  < 
1063  mm.,  at  a  temperature  of  0"  Cent.     That  is  to  say,  if  a 
current  of  one  amptre  with  an  electromotive  force  of  one^ 
volt  is  applied  to  the  end  of  the  column  of  mercury,  the 
resistance   is  just   sufficient  to   absorb   the   whole  of  the 
current  by  converting  it  into  heat  so  that  none  is  available 
at  the  other  end. 
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The  VoU,  the  unit  in  which  the  electromotive  force  caused 
by  a  difference  of  electric  potential  in  a  conductor  is 
expressed,  or,  as  it  is  sometimes  called,  the  pressure  of  a 
current,  is  that  electromotive  force  which  produces  a  cuiTcnt 
of  one  ampere  in  a  conductor  whose  resistance  is  one  ohm 


The  law  discovered  by  Dr.  Ohm,  and  called  after  him 
Ohm's  law,  may  be  expressed  as  follows  : — 

The  electromotive  force  necessaiy  to  cause  a  current  of 
electricity  to  flow  from  one  point  to  another  in  n  conductor, 
measured  in  volts,  is  equal  to  the  quantity  of  the  electricity 
measured  in  amperes  multiplied  by  the  resistance  of  the 
conductor  measured  in  ohms.  Thus  1  volt  =  1  ampere  x 
1  ohm,  or  1  ampere  =  1  volt  ~  1  ohm.  To  illustrate  more 
clearly  the  relation  that  exists  between  these  three  units 
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we  will  again  refer  to  our  illustration  of   tlie  bent  tuLe  J 
filled  with  air— see  Fig.  1C4,  page  332. 

When  the  tap  is  turned  on  full  so  that  the  air  can  passl 
freely  from  one  side  of  the  tube  to  the  other,  if  the  piston  \ 
is  moveil  there  i-s  very  littie  i-eaistance  to  the  movement,  and 
very  little  pressure  need  be  applied  to  cause  it  to  move.     If 
we  now  half  close  the  tap  so  that  the  opening  is  only  half 
as  large  as  it  waa  when  turned  on  full,  the  resistance  to  the 
passage  of  the  air  is  twice  as  great  as  it  was  before,  oon-f 
sequently  twice  the  pressure  must  be  applied  to  the  pLston  1 
to  move  it  the  same  distance  in  the  same  time. 

When  the  tap  was  turned  on  full,  if  a  pressure  of  1  lb, 
applied  to  the  handle  of  the  piston  was  sufficient  to  ra 
it  1ft.  in  one  second,  assuming  that  the  area  of  the  piston  is 
one  square  inch  12  cubic  inches  of  air  will  pass  through  the 
tap  in  one  second ;  and  when  the  opening  in  the   tap  is 
reduced  by  one-half  so  that  twice  the  resistance  is  offered 
to  the  passage  of  tiie  air,  twice  the  pressure,  or  2  lb.,  must  bo.  i 
applied  to  the  handle  of  the  piston  to  send  the  same  quantity 
of  air,  12  cubic  inches,  through  the  tap  in  one  second.     Or  ] 
if  1  lb.  pressure  is  applied,  only  6  cubic  inches  of  air  will  | 
pass  through  the  tap  in  one  second.     The  ampere,  the  olim, 
and  the  volt  bear  the  same  relation  to  one  another  when  a 
current  of  electricity  flows  through  a.  conductor  that  the   i 
quantity  of  air,  the  resistance  offered  to  its  pass^e  dependent 
on  the  size  of  the  hole  in  the  tap,  and  the  pressure  applied 
to  it  by  means  of  the  piston,  bear  to  one  another  in  our 
illustration. 

\jai  it  be  assumed  that  in  a  circuit  supplied  with  a  J 
constant  current  from  a  generator  having  a  difference  of  I 
potential  of  100  volts  between  its  positive  and  negative  J 
terminals,  we  wish  to  connect  some  arc  lamps  constructed  1 
to  work  with  a  difference  of  potential  of  40  volts  between  f 
each  of  their  positive  and  negative  terminals,  the  quaotJtj  I 
of  current  required  by  each  to  give  the  requisite  candle- 
power  being  10  ampferes. 

Now,  since  according  to  Ohm's  law,  amperes  =  volts  - 


olims,  tlieii  ohm 


-■  volta  -i-  amperes,  and  i 


we  have  40  volts  and  10  amperes,  «o  that  tli' 


each  lamp  will  bu  40  h-  10  =  ^  ohms. 


our  examj 
resistance 


of 


To 


a  single 


-volt  10-a 


:  lamp  to  the  1 


0  connect  a 
volt  circuit,  we  should  have  to  increase  the  resistance  of  the 
lamp  to  10  ohms  by  adJing  to  it   an  estra  resistance  of 
G  ohms,  80  that  10  ohms    x    10  amperes  =  100  volta,  thus 


involving  a  loss  of  60  per  cent,  of  the  electrical  energy — see 
Fig.  189.  Wc  can,  however,  double  the  efficiency  of  the 
installation  by  connecting  two  lamps  in  series,  that  is,  one 
behind  the  other,  so  that  the  .same  current  flows  through 
each  lamp  in  succession,  but  the  arrangement  necessitate^i 
always  having  both  lamps  alight  simultaneously.  In  this 
way  the  resistance  of  the  lamps  is  increased  to  8  ohms,  and 
it  will  be  necessary  to  add  an  extra  resistance  of  only  1  ohm 


Resistance. 

to  each  lamp  to  give  tlic  requiaite  voltage.     Fi^.  190  ahows  -J 
the  arrangement. 

It  may  be  mentioned  here  that  it  ia  always  advisable  or  I 
oven  necessary  to  add  some  extra  resistance  bo  each  aro  1 
lamp,  as  this  is  of  assistance  to  the  mechanism  for  feeding  I 
the  carlxins  in  producing  a  steady  light, 

Since  the  difi'erence  of  potential  between   a   and 
Fig.  190  is  lOO  volts,  and  the  resistance  10  ohms,  a  current  1 
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of  10  aiiiptves  will   flow  fi-ora  o   to  c,  and  the  resistance 
Ijetween   a   and   b   being  only  5  ohins,    the  difference   of 
potential  between  a  and  b  is  50  vuUs,  and  between  b  and  o 
also  50  volts,  making  a  total  of  100  volts  hftween  a  and  c    ■ 
with  a  constant  current  of  10  amperes  flowing  from  a  to  c. 

As  a  current  of  10  amperes  is  required  for  each  lamp  at  a 
pressure  of  only  40  volts,  the  resistance  of  each  lamp  being 
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i  ohms,  tlie  extra  resistance  of   1  ohm   is  r(?(iuired  only  to  * 
reduce  the  voltage  by  absorbing  a  portion  of  the  cmrent. 

The  conducting  wire  may  be  compared  to  a  tube  of  I 
uniform  bore  throughout  but  with  a  diaphragm  in  the  I 
centre,  having  a  piston  on  one  ^idc  of  it  and  an  outlet  I 
hole  on  the  other  side — Fig.  191.  If  the  air  on  one  side  I 
of  the  tube  is  compre,sscd    by    lucaiis    of   the   piston,  the  J 


pressing  on  the  piston  bide  of  the  cliaphragm  will  be 
greater  than  the  pressure  on  the  other  side,  and  the 
difference  of  pi'essiire  will  depend  on  the  size  of  the  open- 
ing in  the  diaphragm  and  on  the  outlet  hole ;  for  if  the 
diaphragiii  is  entirely  close li  there  will  be  a  certain 
pressure  on  the  aide  where  the  piston  is,  but  on  the  other 
side  there  will  be  none,  and  if  the  diaphragm  is  entirely 
removed  the  pressure  will  be  uniform  thi-oughout  the 
tube,  and  any  intermediate  difference  of  pressure  will 
depend  on  the  size  of  the  opening  in  the  diaphragm.  The 
piston  in  this  case  may  be  compared  with  the  generator, 
the  outlet  hole  with  the  tesistance  due  to  the  arc  lamp 
and  the  diaphragm  with  the  intermediate  resistance  to 
regulate  the  pressure  of  the  current  flowing  through  the 
lamp. 

Again  referring  to  our  illustration  of  the  bent  tube,  this 
time  ha\'ing  two  taps  instead  of  one,  as  shown  in  Fig.  102, 
a  movement  of  the  piston  in  the  direction  indicated  by  the 
arrow  compresses  the  air  at  a  and  producea  a  partial 
vacuum  at  c,  and  if  the  air  is  compressed  to  1  lb.  per 
square  inch  at  a  the  vacuum  at  c  will  have  a  pressure  of 
1  lb.  per  square  inch  also,  but  negative  to  the  pressure  at 
a,  so  that  the  difl'erence  of  pressure  between  a  and  c  will 
be  2  lb.  per  scjuare  inch. 

A^uming  that  both  the  taps  are  closedj  the  condition 
of  the  air  at  i  is  the  same  as  that  of  the  air  outside  sur- 
rounding tlie  tube,  and  in  respect  to  the  air  inside  the  tube 
at  a  and  c  neutral.  The  difference  of  pressure  between  a 
and  b  will  therefore  be  1  lb.,  and  between  h  and  c  1  lb.  also, 
making  a  total  of  2  lb.  between  a  and  c.  If  the  openings 
in  both  taps  are  alike  they  both  offer  the  same  amount  of 
resistance  to  the  passage  of  the  air,  and  if  they  are  both 
opened  -simultaneously  the  air  will  rush  irom  a  into  h  and 
fromij  into  c  with  a  unifonn  velocity  without  affectiny  the 
condition  of  the  air  at  b  which  still  remains  neutral, 
assuming,  of  course,  that  the  initial  pvessuro  on  the  piston 
is  kcjit  up.     This  is  obvious,  for  if  the  air  at  l>  vrc 
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presscil  to  the  same  degree  as  at  a  no  air  would  pass  from 
a  to  b,  and  likewise  if  ratified  to  the  same  degree  as  at  ( 
no  air  would  pass  from  h  to  c. 

Tbia   serves  to   illustrate   the   condition  of  the  electric] 
current  at   different   points  in  a   circuit   when   lamps   or 
motors  are  connected  in  series — see  Fig.  190— and  also  the 
nature  of  the  current  at  the  positive  and  negative  terminals 
of  a  generator ;  the  one  being  comparable  to  the  outward  J 
pressure  when  air  is  compressed  in  a  tube,  and  the  other  t 
the  inward  pressure  when  a  vacuum  is  formed  in  a  tube. 

The  power  of  a  current  of  electricity  is  the  product  ( 
the  current  as  measured  in  ampferes,  and  the  difference  ( 
potential  or  pressure  as  measured  in  volts  between  any  twori 
points  in  a  circuit  intercepted  by  a  resistance,  which  majj 
be  a  motor  or  a  lamp,  or  even  a  more  or  less  imperfet 
conductor ;     and    at    any    given    instant    this    power 
theoretically  equal  to  the  power   which  a  motor  or  any! 
other  resistance   exerts  at   tlie   same   instant  in  doing  i 
certain  amount  of  work. 

For   in.stance,   an   electric    generator  connected  witli   ftl 
circuit  for  supplying  a  motor  with  current  supplies  onlya 
just  sufiicient  for  the  work  which   the  motor  has  to  dOtI 
and  when  the  load  is  taken  off  the  motor  the  cu 
only  BuiEcient  to  overcome  the  resistance  to  the  flow  i 
the   current  in  the  conductors  and   the  resistance  to  thel 
rotation  of  the  armature  causeil  by   the   air  and  by  th*1 
friction  in  the  bearings  of  the  armature  spindle;  and  jui 
OS  in  our  illu-stration  we  showed  that  the  prassure  of  th« 
air  on  one  side  of  the  tap  is  a  positive  pressure  when  thl 
piston  is  moved,  and  on  the  other  side  a  negative  pressure 
BO  the  pressure  or  potential  of  the  current  in  the  circuit  ii 
positive  on  one  side  of  the  motor  or  other  resistance,  i 
on  the  other  aide  negative.     The  difference  between  i 
pressure    of    the   air   on   each   side    of    the    tap 
available  for  work,  and  represents  the  potential  of  1 
current. 

As  there  is  no  tos.s  of  air  in  the  aii-  puiup  when  the   . 


DifereTice  of  Potential. 
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passes  from  one  side  of  the  tap  to  the  other  but  only  a 
traiiBmi,^ion  of  power  by  the  aid  of  the  air  molecules, 
so  there  is  no  loss  of  ciin-ent  when  this  ia  used  for  driving 
a  motor  or  for  producing  a  light  but  only  a  reduction  of 
potential  in  doing  work, 

The  action  is  merely  a  change  of  condition  instantly 
transmitted  along  a  metal  conductor.  The  current  carries 
the  initial  motive  power,  comparable  to  air  under  pressure, 
to  the  point  at  which  the  work  has  to  be  done,  which  may 
be  the  vibration  of  carbon  molecules  to  produce  a  light,  or 
the  ci^cation  of  magnetic  lines  of  force  to  diive  a  machine, 
or  the  production  of  heat  in  overcoming  the  resistance  of 


an  imperfect  conductor ;  and  for  comparison  it  may  be  said 
that,  like  the  air  molecules  in  our  air  pump,  after  doing  its 
work  it  passes  on  at  a  lower  pressure  to  the  minus  or 
negative  wire,  there  to  equalise  the  potential.  As  a  con- 
tinuous working  pump  would  gather  up  the  air  molecules 
and  again  compress  them,  so  the  dynamo  continually 
creates  a  condition  of  (difference  of  potential  and  thus 
supplies  a  constant  current  of  that  force  which  we  term 
electricity. 

In  order  to  measure  a  current  of  electricity  two  instru- 
ments must  lie  used,  namely,  the  nm/meftr  for  measuring 
the  (quantity  of  electricity  conveyed  in  tlie  current,  and 
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the  voUnittn-  for  measuring  the  pott-ntia!  or  pret^nurc  of  thfti 
current, 

These  two  instruments  are  connected  up  to  the  circuit  in  I 
the  manner  .shown  in  tlie  diagram,  Fig.  193. 

There  are  many  other  inatruments  in  use,  such  as  volta- 1 
vieters,  for  measuring  the  actual    quantity   of    electricity  1 
supplied  to  conamners,  registering  this  like  gas  by  a  gas*! 
meter;    wattmeters,  for    measuring   electrical   power,   and! 
registering  this  like  a  voltameter,  but — unlike  the  volta-J 
meter— taking  both  the  volts  and  the  amperes  into  con-J 
aideration;  oATnmc£ej-s,  for  measuring  the  resistance  of  con-r 
ductora,  &C.   &c.     But   it   is   beyond   the   scope   of   thesftl 
articles  to  enter  into  a  description  of  these,  consequently  I 
we   will   restrict   ourselves  to  de.scribing  very  briefly  the 
voltmeter  and  the  ammeter  only,  and  the  manner  in  which 
these  two  instinimcnts  are  comiected  up  to  the  circuit,  a 
this  is  of  importance  m  order  to  more  fully  elucidate  th^ 
action  of  the  electric  current  in  a  circuit. 

The  ammeter  is  connected  directly  in  the  circuit  vy  t 
the  whole  of  the  current  used  for  the  lamps  or  motors  hai 
to  pass  through  it,  and  consists  of  a  needle  pivoted  over  l 
graduated  scale  in  such  a  maimer  that  the  current  passiiij 
through  a  short  thich  coil  of  wire  of  low  resistance  i 
utilised  for  deflecting  the  needle  by  the  magnetic  lines  c 
force  which  it  produces. 

The  voltmeter,  on  the  other  hand,  is  not  connec 
directly  in  the  cireuit  but  it  is  connected  to  it  at  t 
points,  one  on  the  positive  and  one  on  the  negativi 
wire,  by  a  separate  wire,  and  measures  the  difference  < 
potential  between  those  two  points,  usually  close  to  I 
terminals  of  the  dynamo.  The  voltmeter  is  often  exactly 
similar  in  construction  to  the  ammeter,  with  the  diflei-ence 
that  a  very  long  thin  coil  of  wire  of  high  resistance — often 
many  thousand  ohms — is  uwed  instead  of  a  short  thick  c 
In  the  case  of  Cardew's  voltmeter,  however,  the  deflectioi 
of  the  needle  in  brought  about  by  the  expansion  of  a  loni 
thin  platiniun  wire  caused  by  the  heat  produced  as   th) 
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current  passoa  thi-oujj;li  it ;  ijut  in  all  voltmeters  the  current 
has  a  very  high  resistance  to  overcome  so  that  only  a  vory 
minute  quantity  passes  through  the  insti-ument. 

It  is  of  inestimable  value  to  electrical  engineers  that  a 
circuit  may  be  dividcl  at  any  point  and  joined  together 
again  Ly  any  number  of  conductors,  and  the  current 
will  not,  as  might  be  supposed,  flow  along  thu  line  of  least 
resistance  only,  but  it  will  flow  along  each  conductor 
exactly  in  proportion  to  its  conductance ;  that  is,  invei"sely 
in  proportion  to  its  resistance.  If  the  resistances  of  two 
conductors  be  R  and  i;  their  conductances  will  Ik  reciprocals 
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values,  or   ^  and  -  respectively ;  their  joint  con- 


H 


ductance,   or   the    sum    of    their    sepamto    conductances, 
P   +  -,  and  their  joint  resistance  the  reciprocal  of  this 


value,  o 


_Rr_ 
■"  R  +  r- 

It  is  clear  that  the  joint  resistance  of  two  or  move  con- 
ductors will  be  less  than  the  resistance  of  either  conductor 
singly,  for  the  two  conductors  together  present  a  greater 
area  along  which  the  current  can  flow  than  a  single  con- 
ductor, in  the  same  way  aa  there  will  be  less  resistance  to 
the  flow  of  water  in  a  tin  can  with  two  holes  in  the  bottom 
than  in  a  can  with  only  one  hole  whose  area  is  less  than 
the  joint  area  of  the  two  holes ;  and  provided  the  height  of 
the  water  or  the  pressure  of  the  water  in  the  two  cans  w 
the  same,  the  can  with  two  holes  in  the  bottom  will  conduct 
more  water  in  a  given  time  than  the  can  with  only  one 
hole. 

If  R  represents  a  resistance  of  three  ohms,  and  v  a  i-esist- 
ance  of  2  ohms,  their  conductances  will  bo  ^  and  -i  mho 
respectively;  their jointconductance  will  bo  ^  +  -J  =  5  mho, 
and  their  joint  resistance  t  =  H  ohms. — Note:  The  temi 
condtuitance  is  used  as  the  inverse  of  resistance  and  mho  as 
the  inverse  of  ohm. 

Let  us  now  briefly  examine  the  course  of  the  cuiTcnt  in 
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the  ein.'iiit  repi'esL'iitt'il  in  tlie  diagram,  fig.  193,  in  order  to  I 
an'h'f  at  sonio  explanation  of  how  one  instrument  measured  1 
the  amperea  of  the  current  while  the  other  measures  the  I 
volts.  At  the  commencement  of  this  chapter  we  explained  I 
that  the  current  flowing  through  a  conductor  measured  in  I 
amperes  is  equal  to  the  electi'omotive  force  of  the  current  I 
measured  in  vo!ts  divided  by  the  resistance  of  the  conductor  \ 

meastired  in  ohms ;  tKu.s  amperes  =  ^ —  or  C  =  .j^. 
ohms  it 

Referring  to   our   diagi-am,   we   will   as'iume    that    tlie  ' 

dynamo  generates  a  current  of  100  volts  pressure,  and  that 

the  voltmeter  has  a  resistance  of  5000  ohms.     Assuming 

that  all  the  lamps  are  switched  off,  the  cim-ent  which  the 

dynamo  will  generate  is  dependent  on  the  resistance  of  the  j 

voltmeteronly;  thusC  =  .-r— -   =  002amp^re3;  butnocur*! 

rent  will  flow  through  tlie  ammeter  in  consef^uence  of  tha  J 
circuit  between  that  instrument  and  the  generator  being  -I 
broken ;  for  the  connection  between  the  positive  and  J 
negative  wires  is  made  only  when  the  lamps  are  turned  on,  i 
excepting  between  those  points  where  the  voltmeter  is  con- 
nected. 

Let  us  now  turn  on  the  first  pair  of  lamps  which  have  a  1 
joint  resistance  of  10  ohms.  There  are  then  two  connec-  I 
tions  between  the  positive  and  negative  wires,  the  Toltmeterf 


circuit  having  a  conductance  of 


mho  and  the  lampfl 


circuit  a  conductance  of  —  mho.    Their  joint  conductance  I 

...  .       1       ,1  501 

^•"^5000+   iO   =   5000 
5000 
501 

100 

9 '98 


mho,   their  joint    resistance  J 
9'98  ohnia,and  the  current  which  will  flow  through 
it  with  the  pressure  of  100  volts,  C  —   ^^    =  10'02  am-  | 


100 


pferes.    Of  this  current  the  lamps  will  take  C  =  ~ 
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amperes,  and  the  voltmeter  the  remainder,  or  tttttv  =  0'02 

5000 

ampferes,    exactly   the    same   as   when    the    lamps    were 

switched  off. 

In  the  same  way,  if  the  five  pairs  of  lamps  are  turned  on 
there  will  be  six  connections  betw^een  the  positive  and  the 

negative  wire,  with  a  total  conductance  of   ttt-a   +    (tTi '^) 

=  TTww;  iT^l^^.  ^^^^1  a  joint  resistance  of  — —  =  r9992 
ohms.  The  current  which  will  flow  through  the  resistance 
at  the  same  pressure  of  100  volts,  C  =  =  5002  am- 

J.     t/t/«/arf 

pferes,  of  which  the  lamps  will  take  -—  =  50  amperes  and 

the  voltmeter  002  amperes  as  before. 

Supposing  we  increase  the  pressure  of  the  current  to 
200  volts,  then,  when  the  lamps  are  all  disconnected  the 
whole   current   will  pass    through    the   voltmeter  and   its 

magnitude  will  be  C  = =  004 ampere,  that  is  exactly 

twice  as  gi*eat  as  when  the  pressure  was  only  half  as  great* 
or  100  volts.  Further  investigation  will  show  that  the 
current  which  flows  through  the  voltmeter  varies  exactly  as 
the  electromotive  force  or  pressure  of  the  current  and  is 
quite  independent  of  the  total  current  generated,  or  of  any 
resistance  which  may  be  switched  on  outside  the  voltmeter 
circuit. 

Three-wire  Systera. — While  examining  the  course  of  a 
current  in  a  circuit  it  may  be  as  well  to  describe  the  system 
of  wiring  for  continuous  currents  known  as  the  "  three-wire 
system  "  which  is  being  largely  adopted  at  the  present  time, 
as  it  enables  higher  voltages  to  be  used  and  twice  the 
number  of  lamps  to  be  lit  with  very  little  extra  expendi- 
ture in  the  wiring. 

As  we  have  already  mentioned,  the  voltage  of  the  current 
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used  for  lii^liting  with   iiicanik'scent  lamps  uiay  nut  cxi 
about  220. 

The  voltago  of  alternating  currenta  can  be  easily  j 
economically  raised  or  lowered,  even  on  a  small  scale,  1 
means  of  transformers  ;  but  tbis  is  not  the  case  with  coi 
tinuous  currents  whei-e  a  transformer  can  only  bo  econom 
cally  useil  in  a  large  installation. 

It  is,  of  course,  always  possible  to  connect  lamps  in  serici 
and  on  tlie  Central  London  Railway  where  the  voltage  o 
the  current  is  about  500,  five  incandescent  lamps  are  con<| 
necteJ  in  series,  so  that  the  voltage  between  the  positiva 
and  negative  terminals  of  each  lamp  is  only  100.     Tliid 
system,  however,  is  only  practicable  in  esceptional  cases,  aa,  I 
besides  other  disadvantages   which   it  possesses,   the    five 
lamps  in  series  must  necessarily  be  inseparable,  so  that  if 
one  is  alijjht  all  must  be  alight  and  if  one  bums  out  or  is 
otherwise  extinguished  all  will  bo  extinguished.     For  this 
reason  lamps   should  always   be   connected   in  parallel  if 
possible  in  order  that  any  lamp  may  lie  switched  off  witfa-^ 
out  disturbing  the  rest. 

An  installation  nn  the  thi'ee-wire  system  requirca  two! 
generators  connectcii  in  seiies  ;  or  the  same  effect  may  bo 
produced  with  one  generator  having  a  double  armature 
with  two  comm\itators  and  two  sets  of  brushe.s,  but  the 
connections  wouM  be  the  same  in  either  case.  Fig.  194 
shows  the  arrangement. 

By  adopting  this  system  a  voltage  of  say,  220  can  be 
used  for  lighting  and  440  for  motive  purposes,  with  th«{ 
advantage  that  the  wires  need  only  be  large  enough  ' 
carry  cuirent  at  440  volts  pressure. 

It  will  be  seen  that  wire  a  leads  from  the  positive 
termiTial  of  djoiamo  I,  and  wire  c  leads  to  the  negative 
terminal  of  dynamo  1 1,  while  wire  b  is  neutral  and  may 
conduct  current  to  dynamo  I,  or  from  dynamo  1 1,  as  show 
by  the  dotted  arrows  on  the  diagram,  accordijig  to  whic 
side  of  the  circuit  requires  more  current  than  tho  othei 
Examining  the  course  of  the  current  along  the  whole  circuifl 
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it  may  be  assiiined  that  dynamo  II  generates  a  current  of, ' 
say,  220  volts,  passing  on  to  dynamo  I,  which,  Ireing  wound 
the  same  as  dynamo  I  I,  also  generates  a  current  of 
220  volts;  but  on  the  two  dynamos  are  connected  in 
series  the  current  passing  from  one  machine  to  the  other  ^ 
is  doubled  in  voltage  without  increasing  in  ampferea. 

An  admirable  representation  of  this  may  be  aeen  in  our  | 
air  pump,  Fig.  192,  where  the  back  of  the  piston  represents  [ 
the  negative  terminal  of  dynamo  1 1,  and  the  front  of  the  I 
piston  the  positive  terminal  of  dynamo  I,  while  the  wires  J 
a,  b,  and  c  are  represented  by  the  difiTercnt  portions  of  the  1 
pump  a,  b,  and  c  respectively. 

Just  as  the  pressure  of  the  air  in  the  pump  at  a  is  +  1  lb,,  I 
at  b  neutral,  and  at  c  ~  1  lb.,  with  1  lb.  difference  of  pres- 
sure between  a  and  b  and  between  h  and  c,  and  2  lb.  differ- 
ence of  pressure  between  a  and  c,  so  in  the  circuit,  Fig.  194, 
we  have  a  potential  of  +  220  volts  at  a,  ~  220  volts  at  c, 
and  a  neutral  wire  at  h,  with  a  difference  of  potential  of  ' 
220  volts  between  a  and  b  and  between  b  and  c,  and  i 
difference  of  potential  of  440  volte  between  a  and  c. 

The  two  sete  of  lamps  I  and  1 1  are  merely  connected  in 
aeries;  and,  if  both  sets  require  the  same  amount  of  current, 
no  cuiTent  at  all  passes  along  the  wire  b  to  or  from  the 
generators. 

But  if  there  were  no  connection  between  the  wire  b  and 
the  generators,  supposing  one  of  the  lamps  I  burned  out  or 
otherwise  became  disconnected,  it  would  at  once  affect  all 
the  lamps  1 1,  which  would  burn  very  dimly,  because  the 
amount  of  current  which  the  resistance  of  the  three  lamps 
allows  to  flow  through  when  distributed  over  the  four 
lamps  would  be  insufficient,  but  having  the  wire  b  con- 
nected with  the  generators,  the  tendency  would  be  for 
dynamo  1 1  to  at  once  yield  a  sufficient  extra  amount  of 
cuiTent  which,  instead  of  flowing  through  dynamo  I 
would  flow  along  wire  b  and  through  the  lamps  1 1  to  c. 

In  the  same  way,  if  one  of  the  lamps  1 1  were  discon- 
nected, dynamo  I  would  yield  an  extra  amount  of  current, 
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which  would  flow  from  its  positive  terminal,  through  the 
lamps  I  and  along  wire  6  to  its  negative  terminal.  Thus  it 
will  be  seen  that  wire  h  conducts  either  positive  or  negative 
current,  and  only  as  much  as  the  difierence  between  that 
required  for  lamps  I  and  1 1  so  that  very  little  current 
ever  passes  through  it  and  only  a  comparatively  thin  wire 
is  required. 

The  difference  between  the  amount  of  curi'ent  registered 
by  the  ammeters  at  a  and  at  c  is  that  which  flows  along 
wire  6. 

Motors  may  be  connected  from  wires  a  to  6,  or  from  6  to 
c,  in  which  case  a  current  of  220  volts  is  supplied  to  them ; 
or  they  may  be  connected,  as  shown  in  the  diagram,  from 
wires  a  to  c,  thus  supplying  them  with  a  current  of 
440  volts. 

It  is,  of  course,  desirable  to  keep  the  resistances  on  each 
side  of  the  circuit  as  nearly  equal  as  possible,  in  order  that 
both  generators  may  have  an  equal  amount  of  work  to  do, 
and  that  very  much  current  may  not  pass  along  wire  6,  thus 
necessitating  a  large  sectional  area  of  metal. 


CHAPTER   XXV. 


DISTRIBUTION    OF   LIGHT. 

The  methods  of  Llistributbg  artificial  light,  whether  foi 
open  spaces  or  for  indoor  illumination,  must  be  very  care 
fully  considered.  In  too  many  instances  a  single  powerfia 
electric  light  or  gas  burner  is  placed  in  a  position  from 
whence  its  rays  spread  out  in  such  &  manner  that  1 
iltuininatiou  obtained  at  the  most  distant  point  is  considen 
sufficient  for  the  purpose  reijuircd.  Such  a  system  is,  in  ■ 
principle,  most  wasteful,  as  in  order  to  secure  a  sufficient 
degree  of  iUuminatiou  of  light  at  a  few  points,  an  enormous 
excess  is  wasted  at  the  uiajurity  of  the  others,  whilst  tlio 
.strain  on  the  eyes  of  the  individual  whenever  the  direct  rays 
from  the  powerful  light  source  impinge  upon  them  is  most 
taxing. 

The  wonderful  accommodating  power  of  the  diaphrajnii 
of  the  eye  largely  mitigates  this  evil,  truly  ;  but  an  evil  it 
i.'i,  and  one  which  is   increasing.     Tliere  can  Le  no  doubftj 
whatever  that  the  work  of  the  professional  oculist  has  beel 
not   a   little   enhanced    by   the   ill -considered   system 
artificial  illumination  so  much  in  vogue  during  the  past  twd 
or  three  genei-ations.     Now-a-days  many  people  spend  i 
considerable  proportion  of  their  lives,  especially  during  tin 
winter  months,  working  hy  artificial  light.     Every  time  t 
direct  rays  from  a  light  source  impinge  upon  the  re' 
iris,  or  "  pupil,"  of  the  eye  rapidly  closes  until  the  intensi^ 
of  the  rays  passing  tlmiugli  it  is  reduced  to  bearable  limits 
Aa  soon  aa  the  direct  rays  cease  to  enter  the  eye  the  pupi 
expands  in  order  that  sufficient  light  from  a  less  Uluin 
nated    object    in     view   can    act   upon    the   optic   : 
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otherwise  the  object  viewed  would  be  invisible,  or  nearly  so. 
This  constant  action  of  the  pupil,  or  guardian  angel  of 
the  eye,  as  it  might  be  termed,  combined  with  that  on  the 
optic  nerve,  and  the  crystalline  lens,  becomes  most  fatiguing, 
and  in  time  unquestionably  affects  the  power  of  vision. 

The  dazzling  effect,  as  it  is  commonly  called,  of  intense 
light,  is  perhaps  most  noticeable  in  a  street  or  country  road 
on  a  dark  night,  when  the  ordinary  gas  flame  has  been 
replaced  by  an  incandescent  burner.  As  the  observer 
approaches  the  light  the  illumination  is  clearly  perceptible 
up  to  the  point  at  which  the  lamppost  stands,  but  beyond 
that  all  is  apparently  darkness,  by  reason  of  the  contrast.  If 
the  observer's  eyes  are  shielded  from  the  direct  rays,  the  illu- 
mination of  the  immediate  background  will  at  once  be  seen  to 
be  fairly  good.  It  was  this  effect,  enormously  intensified, 
which  made  it  necessary  to  enclose  electric  arc  lamps  in 
opal  or  ground  glass  globes.  It  is  not  necessary  to  dwell  on 
the  point  further  at  present,  but  it  is  eminently  desirable 
that  it  should  be  clearly  indicated,  with  a  view  to  ensuring 
its  avoidance  to  the  utmost  extent  possible. 

The  first  object  to  be  kept  in  mind  when  designing  an 
installation  is  that  all  parts  of  the  place  should  be 
as  far  as  possible  equally  illuminated,  without  undue 
shadows  in  any  part.  For  this  reason  powerful  arc  lights 
should  be  reserved  for  large  interiors  and  open  spaces.  For 
small  interiors  incandescent  lights  are  at  the  present 
time  most  suitable.  Many  persons  prefer  the  lights  arranged 
round  the  room  against  the  walls.  It  is,  of  course,  largely 
a  matter  of  taste ;  but,  for  the  reasons  above  referred  to,  it  is 
undoubtedly  bad  for  the  eyesight  for  the  light  source  to 
be  placed  in  a  position  from  which  the  direct  rays  impinge 
upon  the  eyes.  Apart  from  this  by  no  means  unimportant 
consideration,  it  is  very  much  open  to  question  whether 
wall-lights  are  always  so  effective  as  they  arc  often  claimed 
to  be. 

For  instance,  take  the  case  of  an  ordinary  sitting-room. 
In  many  instances  pictures  are  hung  upon  the  walls.    Wliat 
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will  be  the  effect  on  these  when  the  light  is  held  by  a 
bracket  on  tlie  wall  a1x>ut  12in.  or  18in.  in  front  or  on  one 
side  of  the  picture  ?  Again,  if  one  wbhes  to  read  comfort- 
ably, tho  reader's  back  should  be  turned  towards  the  light 
If  this  is  on  a  small  bracket  the  reader  would  have  to  sit 
facingjOr  near  to, tho  middle  of  the  room.a  position  not  always 


FiB.  les. 
desirable.  Tho  older  method  of  having  the  lighte  in  a 
sitting-room  as  near  the  ceiling  as  possible,  and  fairly  dis- 
tributed is  by  far  the  best.  If  sutHcient  lighting  power  by 
thl*)  method  cannot  be  obtained,  then  by  all  means  use  a 
small  single  light-source  as  close  a-s  possible  to  the  object  to 
be  illuminated.  But  this  is  not  the  general  illumination 
vliich  is  the  object  under  cunnideratiuu. 


ln<loor  lUuminatioii. 
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The  methoil  of  <Uffused  top-lighting  ia  well  exemplified 
in  the  case  of  inany  of  our  public  rooms,  in  which 
incandescent  lights  are  distributed  over  the  ceiling,  with 
the  result  that,  whilst  they  do  not  distress  the  eyesight 
of  the  observer,  a  thoroughly  iimfomi  illumination  is 
secured  in  all  parts  of  the  room. 

The  system  adopted  in  certain  halls,  such  as  that  arranged 
by  Mr.  Sufjg  at  Heading,  in  which  the  lights  are  placed  round 
the  top  of  the  walls  behind  glass  screens  (Fig.  195),  so  that  the 
direct  rays  are  invisible,  is  excellent.  Another  instance  of 
the  same  kind  is  that  at  the  Houses  of  Parliament,  in  which 
the  gas  lights  are  placed  over  gla.ss  screens  in  the  ceiling, 
with  the  result  that  a  perfectly  even  illumination  is 
maintained. 

One  objection  raised  to  these  methods  is  that  the  expcn.so 
is  greater  than  would  he  the  case  if  the  lights  v/ere  visible. 
This  raises  a  point  o!  economy  which,  although  desirable 
and  neces.'^aiy  in  many  instances,  does  not,  and  should  not, 
carry  all  before  it.  Where  the  comfort  and  convenience  of 
large  numbers  of  people  are  concerned  for  many  hours  at  a 
time,  undue  economy  in  regard  to  effective  illumination  will 
often  entail  eventually  such  serious  results  in  respect  to 
eyesight  that  it  oft«n  really  becomes  the  worst  form  of 
extravagance. 

The  first  point,  therefore,  which  must  be  considered  is,  that 
the  lighting  arrangements  must  be  thoroughly  equal  to  the 
requirements  of  the  case.  This  brings  us  to  the  considera- 
tion of  the  most  desirable  working  power  of  light  at  the 
immediate  point  of  observation. 

Many  years  ago  Mr.  Sugg  suggested  that  the  standard  of 
artificial  illumination  should  be  the  degree  of  illumination 
afibrded  by  one  standard  candle  placed  at  Ift,  distance  from 
the  surface  to  be  illuminated.  Sir  William  Preece  subse- 
quently proposed  at  the  Paris  Electrical  Congress  in  1889, 
the  "  lux,"  by  which  tcnn  he  indicated  the  illumination 
afforded  by  a  Carcel  lamp  acting  at  a  distance  of  one  metre. 
As  the  Carcel  lamp  is  equal  to  9'5  English  standard  candles. 
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and  tlie  metre  is  etjual  to  3'2809ft.,  and  the  illumination  it^ 
invei-selyproportionate  to  the  square  of  the  distance, it  follows 
that  the  quantity  of  light  received  upon  a  standard  surface 
in  the  case  of  the  lux  would  be  practically  the  same  as 
that  proposed  by  Mr.  Sugg.  Strictly,  a  candle-foot 
0882  of  a  lux  or  Carcel-metro,  and  a  lux  is  1'133  candl 
foot.  We  may,  therefore,  adopt  the  "  candle-foot "  degree 
of  intensity  as  a  u.seful  guide.  For  the  purpose  of  working 
out  the  re<iuired  intensity  of  a  series  of  lights  for  illumina- 
ting a  given  area,  Mi'.  Sugg  has  formulated  the  following 
definitions  and  the  table  given  on  the  next  page.* 

"  Jllu-minating  effect  is  the  iflstancc  from  the  surface  to 
be  illuminated,  at  which  the  standai-d  candle  must  be  placed 
to  give  the  same  amount  of  light  as  that  supplied  by  a  given 
light  at  a  given  distance.  This  may  be  found  by  dividing 
the  distance  of  the  light  by  the  square  root  of  its  intensity 
(see  Table  LV.).  Thus  a  50-candlo  light  at  a  distance  of 
15ft,  would  give  an  efiect  equal  to  that  of  one  candle  at  a 

distance  of  212ft.,  i.e.,  ^^  =  212. 

"lUuminating  value  is  the  intensity  espresaed  in  candles 
of  the  light  which  would  be  required  at  a  foot  distance 
to  produce  the  ctfect  of  the  given  light  at  its  given 
distance.  This  is  found  by  dividing  the  intensity  by  the 
square  of  the  distance."  Thus  it  may  be  desired  to  ascertain 
the  strength  of  the  light  which  would  be  required  at  a  foot 
distance  from  a  given  object  to  produce  the  efl'ect  of  a  sixteen 
candle  lamp  placed  6ft,  from  that  object.  The  answer  is 
—   =   Oii,  which  is  the  "oandle-foot,"  or  "  illuminating;" 

value  of  the  light  obtained  under  the  conditions  given. 

If  it  is  required  to  ascertain  the  candle-power  of  a  lamp 
which  should  be  placed  at  a  given  distance  from  the  object 
to  be  illuminated,  in  order  that  the  dt-gree  of  illumination 
shall   be   etjual   to   that   which  would  be  afforded  by  ono 


'  Abstrnctcd  by  permiroi 
W.  Sugg  and  Co. 
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candle  at  a  foot  distance,  any  number  in  the  Table  LY. 
may  be  read  as  candle-power  of  the  lamp  required,  and  its 
square  root  as  the  distance  in  feet  at  which  the  lamp  is  to 
be  pUiced.  Thus,  let  it  be  required  to  illuminate  an  object 
to  the  extent  of  a  "  candle-foot "  by  means  of  a  lamp  which 
must  be  placed  Oft,  distance:  Then  9*  =  81  =  the  illumi- 
nating power  of  the  lamp  required. 

The  origin  of  the  expression  "  candle-foot "  is  related  by 
Mr.  Sugg  to  be  as  follows*  : — "  The  only  case  in  which  he 
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Table  of  Square  Boots  for  the  Calculation  of  Illuminating  Effect. 


No. 
1 
2 
8 
4 
5 
6 
7 
8 
9 

10 

11 

12 

18 

14 

15 

16 


Square  root. 
10000 
11442 
1-7820 
2-0000 
2*2860 
2-4492 
2-6457 
2-8284 
8-0000 
8-1628 
8-8166 
8-4641 
8-6055 
8-7416 
8-8780 
4-0000 


No. 

17 

18 

19 

20 

25 

80 

85 

40 

45 

50 

100 

200 

800 

400 

500 


a  .  • 


Square  root. 

4-1281 

4-2426 

4-8589 

4-4721 

5-0000 

5-4772 

5-9161 

6-8245 

6-7082 

7-0711 

10-0000 

14-1421 

17-8205 

20-0000 

22-8607 


(Mr.  Sugg)  had  been  able  to  feel  satisfied  with  the  lighting 
requirements  was  that  of  the  Grand  Committee-room  of 
the  House  of  Commons.  A  piece  of  paper  was  given  to 
him  with  some  pencil  marks  upon  it,  and  his  instructions 
were  that  a  sufficient  amount  of  light  should  be  given  to 
enable  a  man  with  ordinary  eyes  to  read  what  was  on  the 
paper.  He  had  only  to  get  half  a  dozen  men  to  read  the 
paper,  and  see  at  what  distance  he  held  it  from  a  standard 

*  InBtitation  of  Civil  Engineers.    Discussion  on  Mr.  Trotter's  paper, 

yol  ex.,  part  iv, 
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candle.  Then  the  problem  was  solved,  the  light  required 
being  one  candle-foot.**    '. 

In  the  opinion  of  Mr.  Trotter  the  caudle-foot  is  a  very 
convenient  and  "  comfortable  "  illumination.  It  is  for  most 
people  the  best  illumination  for  reading,  and  is  to  be 
-foimd  on  most  well-lighted  dining  tables  and  billiard  tables. 
More  than  2  candle-feet  is  seldom  attained  in  artificial 
illumination. 

The  degree  of  illumination  of  certain  public  places  may 
be  gathered  from  the  following  tabulated  results  of  observa- 
tions by  General  Festing,  Mr.  A.  P.  Trotter,  and  others : — 

Table  LVI. 

Date.  Candle-foot. 

1892  ...  PresidenVs  desk,  Inst.  C.E 0*8^ 

South  Kensington  Museum : — 

1888  ...  North-east  Water  Colour  Gallery  (gas)      ...  I'Slf 
„     ...  South-east      „  „  „        „         •..  2'82f 

„    ...  Jones*  Bequest  Gallery  (6  glow  lamps)        ...  1.72| 

„     ...  Raphael  Gallery  (arc)      2'26| 

„     ...  Sheepshanks  Gallery  (arc)     8*12f 

1892  ...  Sculpture  Court  (6  arcs  in  sight) 0*55* 

,,  ...  Silversmiths' Court  (10  arcs  insight) 2*6''' 

,,  ...  Japanese  Court  (8  arcs  in  sight) 1*6''* 

n  ...  Great  Hall  (9  arcs  in  sight)    2*4'^ 

n  ...  Gallery  over  Silversmiths' Court 8'6* 

n  ...  Corridor  (glow  lamps)     0*65* 

,,  ...  Charing  Cross  Railway  Station,  max.  (arc) ...  0*4  to  0*5'^ 

„  ...        „            ,,            ,,            „      min.  (arc)...  0.05''- 

,,  ...  Cannon-street  Station,  max.  (arc)        0.4'-* 

n  ...        „            ,,            „      min.  (arc)       0*025'^ 

„  ...  City  of  London,  Cornhill       0*25* 

)t       ***  If  II  11  •••        •••        •«•        ■**    ^    ^   ifO  XJ    VI 

„     ...Whitehall 01  to  0*6"' 

—  ...  Great  George -street,  Westminster  (6ft.  gas 

lamps)        0-9to0'006* 

—  ...  Lyric  Theatre  (without  arc  or  limelights)  ...  8*8'*' 

—  ...  Prince  of  Wales' Theatre       2*9* 

—  ...  Trains     on      Metropolitan     and      District 

Railways  (breast  high)    0*8  to  0*9* 

—  ...  Lime-street,  Liverpool  (gas,  flat  flame)       ...  0-25to0*58§ 

*  Trotter,      f  General  Festing.      :|:  Preece.      §  BoalooiQ. 
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It  has  been  held  that  outdoor  illumination  commences  to 
be  useful  only  when  it  is  comparable  to  moonlight. 

The  following  determinations  of  the  intensity  of  full-moon- 
light are  on  record,  viz.: — 

Table   LVII. 

Moonlight 
Authority.  =  1  candle  at 

feet  distance 

Plummer*        8*72  ^ 


Dibdinf 
Dibdint 
Dibdinf 
Trotter, J  average    ... 


...     ... 


...     .*.     .«.     ...     .• 


...     • . 


7-20 
6-33 
8-60 
8-00  J 


'  Average  =7.77 


*  "  Monthly  Notices,"  Roy.  Ast.  Soc.,  vol.  xxxvi. 
t  "  Proceedings,"  Roy.  Sjc.,  vJ.  li, 
X  Inst.  C.E.,  see  ante. 

Taking  this  average  of  one  candle  at  7*  77ft.  distance, 
moonlight  is  therefore  equal  to  0*017,  or,  say,  one-sixtieth 
of  a  foot-candle. 

It  will  be  understood  that  these  determinations  apply  to 
full  moon,  but  at  different  zenithal  distances.  The  point  in 
all  its  phases  is  a  complex  one,  but  the  above  general  results 
will  be  suflScient  for  our  present  purposes. 

Reflectors  and  Globes, — The  importance  of  reflection  in 
the  distribution  of  light  must  not  be  overlooked,  as  by  its 
judicious    utilisation    greatly   enhanced    results    may   be 
obtained,  whilst  in  some  cases  the  use  of  reflected  light  only 
has  been  found  to  give  the  most  satisfactory  results,  where, 
for  instance, operations  of  a  delicate  nature,such  as  fine  wheel- 
work  and  other  mechanician's  work,  have  to  be  performed. 
Mr.   G.   Kapp    has    described*   the  following  method  of 
utilising  only  reflected  rays  in  the  case  of  a  factory  in 
Berlin,  where    great  difficulty  had  been  experienced  in 
finding  a  suitable  light.     The  ordinary  arc  lamp  would  not 
do  because  it  cast  too  strong  a  shadow,  and,  in  turning 
arbors  and  axles,  and  milling  toothed  wheels,  a  uniformly 
diffused  light  was  required    Glow  lamps,  which  might  have 

*  Institution  of  CivU  Engineers,  vol.  ex.,  part  iv.,  p.  72. 


llvmvntmon  I 


ijiectton. 


fulfilled  this  condition,  were  too  much  exposed  to  breakages  ■ 
from  chipa  flying  about  and  the  carelessness  of  workmen.  The  ' 
solution  which  the  manager  of  the  shop  found  was  to  put 
arc  li^'hts  into  big  funnel-shaped  covers,  white-washed 
inside,  and  to  hang  them  up  8ft.  from  the  floor.  The 
ceilings  were  kept  white-washed,  and  the  efi'ect  of  the  light- 
ing was  excellent.  The  arc  could  not  be  seen,  being  entirely 
hidden  by  the  funnels,  but  the  room  was  filled  with  a  very 
soft  difiused  light.  Another  similar  instance  is  that  quoted 
by  Mr.  G.  F.  Deacon,  who  referred  to  the  public  library  in 
Liverpool,  the  Picton  Reading-room,  as  one  of  the  best 
illuminated  rooms  in  the  kingdom. 

It  is  a  circular  room,  100ft.  in  diameter,  with  a  dome 
ceiling.  For  the  purpose  of  illuminating  the  tables  and 
floors  he  put  in  the  centre  of  the  room  three  arc  lights. 
Under  them  he  put  an  opal  chalice  12ft,  in  dia- 
meter, resting  on  an  ornamental  vase.  He  then  white- 
washed the  dome,  and  the  effect  was  excellent.  The 
absolute  amount  of  light  was  nearly  uniform  over  the  whole 
surface  of  the  tables. 

Tlie  degree  to  which  white  surfaces  reflect  light  is  not 
generally  so  well  underetood  as  it  should  be.  According  to 
Mr.  Trotter,  good  paper,  plaster  of  Paris,  and  even  white- 
wash, have  a  reflecting  power  equal  to  that  of  ordinary 
looking  glass,  viz.,  about  85  per  cent. 

The  following  interesting  account  of  the  holophane  globes 
was  given  in  the  Progressive  Age,  December  1st,  1899  : — 

'•  The  inner  and  outer  surfaces  of  holophane  globes  are 
covered  with  very  fine  corrugations  or  prisma.  The  cor- 
rugations on  the  inner  suiface  run  vertically,  end  the 
prisms  on  the  exterior  surface  run  hoiizontally.  When  the 
globe  13  placed  over  any  form  of  light,  such  as  the  arc 
lamp,  the  incandescent  electric  lamp,  the  Welsbach  incan- 
descent gaa  burners,  an  oil  lamp  or  an  acetylene  flame,  the 
combined  effect  of  these  two  seta  of  prisms  is  to  spread  or 
diffuse  the  light  over  the  entire  surface  of  the  glass,  tihe 
objectionable  and  injurious  glare  of  the  intense  light-so<aice 
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disappears,  and  in  "ita  place  the  giohc  seems  filled  with 
bright  but  mellow  rays  of  light.  But,  while  the  glare  of 
the  central  light  is  thus  broken  up,  there  is  no  loss  com- 
paratively in  the  illuminating  power  of  the  burner,  and  the 
light  is  directed,  in  addition,  to  where  it  is  moat 
needed. 

"Upon  lighting  an  uncovered  Wefabach  burner  and  placing 
a  sheet  of  white  paper  on  the  table  beneath  it,  it  will  be 
seen  tliat  while  the  burner  has  the  appearance  of  giving  an 
immense  amount  of  light,  yet  the  illumination  ia  not  well 
distributed.  If  we  look  about  the  room,  the  walla  and  ceiling 
seem  well  lighted ;  but  on  resting  the  eye  upon  the  ahcet  of 
paper  below  the  burner,  one  is  sensible  of  a  defect.  The 
reason  is  that  the  incandescent  burner  dirccta  most  of  ita 
diverging  luminous  rays  out  horizontally,  veiy  little  light 
being  thrown  downward  where  it  may  be  really  required. 
The  intense  glare  of  the  flame  also  tends  to  contract  the 
pupil  of  the  eye,  and  prevents  it  from  taking  in  all  the 
rays  throvm  upon  any  object.  The  clearness  with  which 
the  eye  sees  any  object  depends  upon  the  number  of  rays 
from  that  object  which  fall  upon  the  optic  nerve.  When 
the  light  is  too  strong  the  pupil  contracts,  the  num'bcr 
of  rays  is  diminished,  and  the  object  is  seen  less  distinctly. 
If,  now,  the  eye  is  fixed  upon  the  paper  while  the  burner  ia 
covered  with  a  holophane  globe  the  paper  at  onco  becomes 
well  illuminated,  and  the  candle-power  of  the  rays  thrown 
downwai'd  is  evidently  greatly  increased.  The  walls  of 
the  room  seem  as  well  lighted  as  before,  but  the  light  on 
the  floors  and  tables  has  beon  greatly  improved.  The 
reason  ia  that  the  rays  of  light  that  formerly  escaped 
upward  and  merely  illuminated  the  ceiling,  have  been 
reflected  and  refracted  downward  where  they  are  needed. 
The  amount  of  light  emitted  by  the  burner  is  not  increaaed, 
of  course,  but  merely  directed  where  required.  It  will  also 
be  observed  that  through  thus  increasing  the  surface  of  the 
light-giving  body,  tlie  sti^ain  upon  the  eye  is  relieved  and 
the  light  in  the  room  is  agreeably  diffused. 
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'■  Principlr  of  Construction. — If  we  take  a  globe  from 
which  the  outer  prisnis  have  been  removed,  leaving  only 
the  interior  vertical  corrugations,  which  are  all  alike  in 
eection,  and  place  it  upon  the  burner,  it  will  bo  seen  that 
the  effect  of  the  vertical  interior  corrugations  is  to  spread 
the  light  out  laterally  across  the  globe,  illuminating  it  from 
edge  to  edge,  and  the  flame,  instead  of  being  concentrated, 
becomes  practically  the  size  of  the  globe ;  but  one  will  also 
notice  that  the  raya  are  not  other\vise  aSected  by  these 
inner  ribbings,  the  principal  portion  of  the  light  ia  still 
thrown  outward.  These  corrugations  only  serve  to  destroy 
the  glare ;  they  diffuse  the  light,  but  do  not  distribute  it 
in  any  way. 

"  If  we  now  take  a  globe  from  which  the  interior  cor- 
rugations have  been  removed,  leaving  only  the  exterior 
horizontal  prisms,  it  will  be  seen  that  the  profiles  of  these 
prisms  vary;  as  a  matter  of  fact,  no  two  arc  alike,  and 
each  one  is  specially  calculated  with  reference  to  the 
position  it  occupies  on  the  surface.  It  is  by  means  of  these 
exterior  prisms  that  the  light  ia  controlled  and  directed. 
If  we  observe  the  effect  they  have  upon  the  lighted  burner, 
we  see  that  the  flame  appears  to  be  elongated  into  a  narrow 
strip  extending  from  the  bottom  to  the  top  of  the  globe ; 
the  effect  of  the  interior  ribbingw  alone  was  to  spread  the 
light  across  the  globe  so  that  two  sets  of  prisms  actint» 
together  cause  the  light  to  be  spread  evenly  over  the 
entire  surface,  and  it  is  from  this  feature  that  the  system 
derives  its  name,  as  the  word  "  bolophane  "  (taken  from 
the  Greek)  means  wholly  luminous, 

"  Since  the  introduction  of  high  candle-powers,  lighting 
experts  have  been  studying  to  find  the  best  means 
of  overcoming  objectionable  and  injurious  glare. 
Globes  of  opal  glass,  ground,  frosted  and  figured  glass  have 
been  devised.  Some  of  these,  such  as  tlic  opal,  do  overcome 
the  glare,  others  reduce  it  partially;  but  all  of  them  do  bo 
only  by  absorbing  a  large  percentage  of  the  original  light. 
In  case  of  opal  glass  this  absorption  or  loss  amounts  to  bh 
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much  as  50  per  cent.  All  such  jjltilies  diirnso  the  light,  hut 
none  of  them  make  any  attempt  to  direct  the  raj's. 

"  Perfect  difl'usion  not  only  does  away  with  all  sharp 
shadows,  but  produces  a  softened  and  evenly  distributed 
liyht  which  has  marked  hygienic  advantages,  preventing 
irritation  of  the  eyes,  ajid  to  a  large  extent  the  particular 
diseases  of  the  optic  nerves  that  result  from  it. 

•■  The  prisms,  it  is  claimed,  also  whiten  the  light  hy 
resolving   many  of  the   colour  rays.     This   is   a   distinct 


advantage,  as  the  decorations  of  rooms  and  the  tints  of 
pictures  and  fabrics  are  not  appreciably  changed, 

"  Globes  of  this  character  serve  to  hide  the  mechanism  of 
the  burner,  tending  to  produce  an  ornamental  efl'ect ;  and 
although  they  are  made  of  pressed  glass,  they  somewhat 
resemble  cut  glass  effects." 

Fig,  19G.  the  spiral  globe  introduced  by  the  Spiral 
Globe  Company,  consists  of  a  light- refracting  and 
diffusing  envelope  for  an  electric  incandescent  or  glow 
lamp,  composed  of  a  closely  wound  spiral  of  glass  rod  oi 
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circular  section  (which  serves  both  to  screen  the  dazzling 
filament  and  increase  the  effective  illuminating  power  of 
the  lamp)  contained  within  an  outer  protective  crystal 
cover. 

It  has  been  demonstrated  that  this  effective  increase  of 
illumination  is  very  large,  for  whereas  an  ordinary  16 
candle-power  electric  incandescent  lamp  (when  hung 
vertically  as  is  usually  the  case)  will  illuminate  the  surface 
towards  which  it  is  directed  with  an  effective  light  of  10 
candle-power  only,  this  self -same  lamp,  when  enclosed  in 
the  spiral  globe  will  produce  an  effective  light  equal  to 
about  23  candle-power  with  the  same  consumption  of  cur- 
rent 
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EFFICIENCY    OF    AliC    AND     ELECTRIC   INCANDESCENT  LAMPS. 

The  intensity  of  various  arc  and  incanJcscent  lampa  wa.s 
formerly  greatly  exaggerated.  For  instance,  in  many  ca-ses 
three  or  four  hundred  candle-power  lamps  were  calculated 
as  being  equal  to  a  thousand  candies.  This  error  was  soon 
corrected  by  the  results  of  the  photoiiietrical  experiments 
made  by  the  writer  under  the  direction  of  the  Metropolitan 
Board  of  Works  in  connection  with  the  Thames  Embank- 
ment experiments  with  the  Jablochkofi  arc  lights. 

The  following  extracts  from  the  report  of  Sir  Joseph 
Bazalgettc,  the  engineer,  and  Mr.  T.  W.  Keates.  the  chemist 
to  the  Board,  form  an  interesting  and  valuable  contribu- 
tion to  the  photometry  of  the  are  lamp,  as  the  principles 
there  involved  are  still  those  concerned  in  all  similoi'  instal- 
lations. 

"  In  consequence  of  the  dazzling  nature  of  the  electric 
light,  and  its  tendency  to  injure  the  sight  of  persons 
exposed  to  its  influence,  it  is  necessary  that  the  naked  light, 
should  be  screened.  Opalescent  glass  globes  have  been 
used  by  the  French  society  both  in  Paris  and  in  London, 
and  these  have  been  in  use  on  the  Embankment,  with  the 
exception  of  one  lamp,  from  first  to  last.  The  cfiect  of  this 
opalescent  glass  is  to  soften  and  diminish  the  light,  so  that 
it  is  possible  to  look  fixedly  at  the  globe  without  any  dis- 
tress, but  at  the  same  time  the  available  light  is  lowered  to 
a  very  great  extent.     A  different  kind  of  globe,  having  a 
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frosted  surface,  liai  been  used  for  some  time  under  the  I 
Hungerford  Eaihvay  Bridge ;  this  globe  stops  much  less  of  1 
the  light  than  the  opalescent  glass. 

A  numhcr  of  experiments  was  made  at  the  machin»a 
house  on  the  Embankment,  where  a  complete  photometepl 
was  fitted  up.  These  experiments  were  (1)  upon  the  naked  4 
light,  (2)  upon  a  light  with  opalescent  globe,  (3)  upon  ftj 
light  with  a  frosted  globe.  The  measurements  were  madoj 
horizontally  in  each  case. 

In  every  experiment  the  electric  light  was  placed  240in.  ' 
from  the  measuring  light,  and  the  photometer  screen  moved 
between  them,  a  star  disc  being  employed  in  consequence 
of  tlie  difference  in  the  colour  of  the  lights,  precluding  tiie 
the  use  of  the  ordinary  greased  Bunsen  disc. 

Twenty  readings  or  observatioQ.s  were  made  in  each  ex- 
periment, both  with  the  open  and  shaded  lights.  Eight 
experiments  were  made  on  as  many  different  nights.  The- 
following  are  the  results  obtained: — 


Table  LVIII. 


NcLked  light    .. 
Opal  globe 
Frosted  globe.. 


STS'l  sperm  candlea 
ISI'9  sperm  CEindles 
265*0  sperm  oandles 


Tlie  light  obstructed  by  the  opal  globe  was,  therefore 
equal  to  59  per  cent.;  by  the  fro.sted  globe  only  29'9  cent' 
These  results  shew  the  effect  of  enclosing  the  electric  arc' 
by  globes,  and  serve  as  useful  guides  to  indicate  the  loss 
of  light  resulting  in  all  similar  cases. 

When  the  arc  lamp  was  introduced  on  the  Thames 
Embankment  in  1S79,  some  experiments  were  made  at  the 
suygcstinn  of  the  writer  to  ascertain  the  effect  of  enclosing 
the  carbons  in  closed  glass  vessels,  with  a  view  to  reducing 
the  rate  of  their  oxidation.  The  peculiar  action  of  the- 
Jablochkoff  "  candle,"  however,  was  not  favourable  to  the 
method,  an  undue  amount  of  deposit  appeai-ing  on  the  sur- 
face of  the  glasB,  largely  reducing  the  effective  power  of  the 
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light  Later  on,  when  the  improved  forms  of  the  Brush 
and  similar  lamps  were  introduced,  further  trials  were 
made  by  the  writer  in  conjunction  with  Mr.  de  Segundo, 
with  most  satisfactory  results,  it  being  found  that  the  life 
of  the  carbons  could  be  prolonged  up  to  as  much  as  ten 
times,  but  at  this  rate  the  character  of  the  arc  was  not  so 
satisfactory,  as  a  carbon  button  formed  on  the  negative 
carbon,  with  a  consequent  dimming  of  the  light.  When  a 
slow  stream  of  air  was  allowed  to  enter  the  small  encircling 
glass  pear-shaped  vessel  surrounding  the  arc,  just  sufficient 
in  quantity  to  oxidise  the  particles  of  finely  divided  carbon 
as  they  were  carried  from  the  positive  to  the  negative  poles, 
the  light  remained  perfectly  steady  and  of  the  original 
intensity.  The  following  are  some  typical  results  of  the 
experiments  thus  made : — 

Table  LIX. 


Time. 


12 

12 

12 

12 

12 

12 

12 

1 

1 

2 

2 

2 

8 


•00 
•10 
•20 
•25 
•35 
•40 
•50 
•00 
•45 
•15 
•25 
•58 
•28 


Length  of  carbon  in 

arc  lamp  No.  1 

without  economising 

globe. 

Inches. 

•  •  •  iS  iSX  .  •  •  . 
...      **'  4o      ...  . 

•  • .  *t  DX  • .  •  . 
...  A  i O  ...  . 
...  ^  •  oX  ...  . 
. •.      O   UU      ...  • 

•  • .         O     X  t7         ...  . 

...     3-40     ...  . 

•  •  «        4    ^X        •  •  •  • 

4'71 

...          TK       fX           ...  . 

...      4  oo      ...  . 

...      D  *ol      ...  . 

...     5*81     ...  . 


Length  of  carbon  is 

arc  lamp  No.  2 

with  economifling 

globe. 

Inches. 


1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 


•18 
•23 
•32 
•40 
•42 
•50 
•54 
•62 
•98 
•25 
•26 
•42 
•60 


Belative  Consumption, 

Without  apparatus,  12*00  o'clock  to  8^28 
With  apparatus,  „ 


8*6in. 
l*42in. 


Saving  (3-6  "1-^^)100  =  60  per  cent. 
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Time. 


12 

•40 

12 

•50 

1 

•40 

1 

50 

2 

10 

2 

85 

2 

40 

2 

50 

8 

00 

8" 

15 

8 

25 

8" 

85 

Table  LX. 

Length  of  carbon  in 

arc  lamp  No.  1 

without  economising 

globe. 

Inches. 

Length  of  OAiboQ  in 

aro  lamp  No.  2 

with  aooDomisiiiff 

globa. 

Indies. 

•  •  •       X    \j\3      •  •  •       •  •  • 

•  •  • 

•  •  • 

•97 

•  •«.     A    t/i        •••       «•< 

•  •  • 

•  ■  • 

108 

• . .      Z '  Ol      •  •  •      ... 

•  •  • 

•  •• 

1-80 

.«•           *l     Ov          ••*           .«• 

•  •  • 

•  •  • 

1-85 

•  •■       O    X4       *••        .«• 

•  «  • 

•  •  • 

1-47 

..>     0*50     

•  •  • 

■  •  • 

1-60 

8*60     

•  •  • 

•  •  • 

1-62 

•  ••          O      fv         •••          ••• 

•  •  • 

•  •  • 

1-68 

•  •  •        O    vX        •  •  •        • « • 

•  «  • 

•  •  • 

1-76 

4*18 

« •  • 

•  ■  • 

1-82 

...    4*80    

•  •  • 

•  •  • 

1-90 

•  ■  •       4    tkO       •  •  •        •  •  • 

•  •  • 

•  •  • 

1*98 

Belative  Consumption. 


Without  apparatus 
With  apparatus  .. 

•••          •••         •••         •■• 

•         •••         ••■          •••         ••• 

•  « • 
«  •  • 

•  •• 

•  •  • 

2-98in. 
0-96in. 

Saving  (^'^^ 

-     -96)     100     _    g^.g 

2*98 

pert 

sent. 

Table  LXI. 

Time. 

Length  of  carbon  in 

arc  lamp  No.  1 

without  economising 

fl^lobe. 

Length  of  carbon  in 

arc  lamp  No.  2 

with  economiring 

globe. 

Inches. 

3*40 

•  ••     2*1       

•85 

8*50 

•  ••         £t     £t            .«.         ... 

•90 

400 

...     2*4       

•99 

4.10 

...        a*  Ot>       

104 

4-20 

• .  •        £t    UU        ...        •  •  • 

118 

4-30 

...     2-85     

1-21 

4*40 

...     800    

1*80 

4-50 

•  ••     u  *  lo     

1-40 

5-QO 

...       u  *  aO       • 

1-50 

5-10 

...     8-40    

1-60 

5-20 

3 '  c)9     

1-70 

5-80 

...      O'/t)      

1-78 

5-40 

...    890    

1-85 
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BelaHve  Consumption. 

Without  apparatus 
With  apparatus   ... 


•  •  •         •  •  • 


•  •  •         ■  •  • 


•••         •••         ••• 


•  •  •         •  •  • 


l-8in. 
lOin. 


r^»M 

'  •"& 

1 

Table  LXII. 

0&    wasH* 

Time. 

' 

Length  of  carbon  in 

arc  lamp  No.  1 

without  eoonomidng 

globe. 

Inches, 

Length  of  carbon  in 

arc  lamp  No.  2 

with  economising 

globe. 

Inches. 

11-50 

...     4.82     

200 

1200 

...     4-50     

2-05 

12-10 

...     4-69     

212 

12-20 

...     4-85     

2-18 

12-80 

...     5-00     

2-19 

12-40 

...     5-15     

2-20 

12-50 

...     5-80    

2-26 

100 

...     5-49     

2-29 

1-10 

...     5-54     

2-31 

Eelative  Consumption. 

Without  apparatus 
With  apparatus 

...        ...        ...        ...        ...        ...       X    ^ aUI* 

...        ...        ...        ...        .*•        ...       \#    OXUl* 

5 

^avii 

...  (1-22 

-  0-81)  100  _  „4., 

5  Der  cent. 

Just  as  these  results  had  been  arrived  at  by  a  course  of 
laborious  photoinetrical  and  electrical  testings,  it  was  ascer- 
tained that  patents  had  been  secured  in  Elngland  and 
America  for  precisely  the  same  method.  The  system  is 
now  in  use  in  the  form  of  the  Jandus  lamp,  the  special 
features  claimed  for  it  being  that  one  pair  of  carbons  con- 
suming 4  amperes  will  last  for  about  200  hours  without 
any  attention  whatever;  with  5  amperes  for  130  to  150 
hours,  and  with  6  amperes  from  100  to  120. 

From  tests  made  by  Mr.  Thomas  Hesketh,  and  published 
in  the  Electrician  on  April  9th,  1897,  the  following  results 
were  obtained : — 

"  From  comparative  photometric  tests  recently  taken  by 
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tlie  writer,  the  ilUtributioii  of  light  from  a  10-ampfere  direct- 
current  lamp,  burning  18  mm.  an<l  12  mm.  carbons,  with  46 
volts  across  the  arc,  and  fitted  with  an  opaline  globe,  is 
plotted  out  in  Fig.  197. 

"  Similar  teats  were  taken  of  the  emission  of  light  from 
a  '  Jandus '  enclosed  arc  lamp,  burning  5'5  amperes 
with  78  volts  at  the  carbons;  the  results  are  shown  in 
Fig.  198. 

"  Fitted  as  this  was  with  the  inner  and  outer  globe  of 
opaleiicent  glass,  the  spreading  of  the  rays  was  less  than 
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might  have  been  expected.  The  intensity  of  the  horizontal 
flux  is  partly  to  be  accounted  for  by  the  egg-shaped  curve 
of  the  inner  globe,  acting  as  a  reflector,  and  throwing  up 
some  of  the  lower  hemispherical  beams.  Principally,  the 
great  advantage  is  derived  from  the  extreme  length  of  arc, 
the  flatncts  of  the  carbon  points,  and  the  almost  entire 
absence  of  hollow  crater  in  the  positive  carbon. 

"  The  efibct  the  improved  distribution  of  light  from  these 
lamps  will  have  upon  public  street  lighting  will  be  more 
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readily  appreciated  from  a  glance  at  Fig.  199,  where  the 
relative  illuminating  powers  of  the  two  lamps  are  shown 
side  by  side. 
**  It  will  be  seen  from  these  that,  although  at  close  ranges, 


Fig    198.— Curve  of  Lisht  from   "Jandut"   Lamp  fitted  with  Inner  and 

Outer  Globe*  of  Thin  Opaline  QIatt. 

the  light  from  the  open  arc  is  some  four  times  as  great  as 
that  from  the  enclosed,  at  distances  beyond  two  and  a-half 
times  the  height  of  the  arc  lamp-post,  the  '  Jandas '  gives 


Scale  of  foot     (Height  of  poet  =  SOft) 

Fig.  199.~Curvet  thowins  the  Relative  llluminatins  Po%vert  of  "Jandut"  and 
Ordinary  Open-air  Arc  Lampe  taking  equal  Electrical  Energy. 

more  than  twice  the  light  of  the  older  form  of  lamp,  and 
regularly  maintains  the  advantage. 

"This  natural  effect  cannot  be  too  highly  appreciated. 
Engineers  having  control  of  the  public  lamps  should  care- 

PP 
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fully  guaiii  against  a  false  impression  being  created  by  the 
light  intensities  immediately  aljout  the  Iwise  of  the  lamp- 
post. Excessive  light  here  is  not  required ;  but  at  plac&s 
25ft.  and  30ft.  away,  double  the  illumination  of  that  which 
was  previously  to  be  obtained  is  of  the  greatest  importance. 

"  From  the  foregoing  consideration.s  it  is  reasonable  to  ] 
expect   the   arc   lamp   of  the  future  will  be   of  air-tight  J 
pattern,  and  will  have  sacrificed  a  portion  of  its  carbon  dio-  J 
meters — and   consequently  its  hours  of  burning — for  the 
increased  light  resulting," 

The    necessity    for    carefully    testing   the    illumination   ' 
afforded  by  any  proposed  light  ia  well  shown  in  the  Thames 
Embankment  experinientii  above  referred  to,  and  estimates  , 
for     installations     should    not    lie    prepared    before     the  ! 
actual  ilium inating  value  of  the  proposed  lights   is  fully 
ascertained. 

With  regard  to  the  quantity  of  light  afforded  by  the  in- 
candescent electric  lamps,  and  the  effect  of  use  upon  them, 
the  following  series  of  tests  by  the  writer  in  Xcvember, 
1892,  will  be  of  interest  :— 

Each  lamp  was  tested  in  three  directions,  viz.; — horizoo-  I 
tally  in  two  directions,  i.e.,  one  with  the  plane  of  the 
curvature  of  the  filaments  placed  at  right  angles  to  the 
photometer  bar,  and  the  other  with  the  plane  of  curvature 
in  a  line  with  the  photometer  bar,  or,  shortly,  with  the 
incandescent  filaments  " flat "  and  "edge"  to  photometer; 
also  perpendicularly  in  one  direction,  i.e.,  measuring  those 
rays  thrown  down  when  the  lamp  is  inverted,  and  in  the 
direction  of  the  apex  of  the  lamp. 

fn  estimating  the  actual  iniensity  of  the  lamps,  the  mean  | 
of  the  two  horizontal  measurements  has  lieen  adtipted. 

The  avei-age  luminous  energy  per  reputed  IG  candle- 
power  lamp  waa  thus  found  to  be  13  01  candles,  while  that 
of  the  reputed  8  candle-power  lamp  was  7 "  30  candles.  The 
average  voltage  for  16-candle  lamps  was  98'02,  and  amperes 
■599,  the  watts  per  16-candle  lamp  being  58-8;  while  the 
current   required    for   8-candle    lamps   was    volt'',   99 '58  J 
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amptrcH,  0 ■424;  equal  to  42-3  watts.  The  nnuilKr  nf 
watts  pel'  actual  cainUe  respectively  was  4  ■  -"(2  uml  "i  ■  711, 
nie  average  percentage  tleficiency  per  HI  canille-power 
lamp  was  25  'SC,  and  that  of  the  «  candle-powt>r  lamp  8-  4. 

A  large  number  of  measurements  at  variuus  intermediate 
angles  woulil  have  doubtless  ensured  greater  accuTftcy,  but 
for  practical  purposes  those  now  submitted  may  be  taken  aa 
sufficiently  approximats.  In  order  that  the  extent  of  eiTOr 
thus  introduced  might  he  aseertained,  a  special  set  of  tests 
with  one  lamp  was  made  in  which  the  lamp  was  tested  at 
every  10 . 

The  eflect  of  a  decrease  in  the  intensity  of  the  current 
wan  also  care!ulty  examined,  and  the  results  were  tabulated. 

From  these  it  appears  that  when  the  voltage  of  the  current 
falls  from  99  to  9G,  the  loss  in  candle-power  is  from  15  ■  0  to 
10  ■9.  or  27  ■  3  per  cent.;  wliilst  when  it  falls  from  9G  to  90. 
the  toss  of  candle-power  is  from  10  ■  9  to  7 '  5,  or  exactly 
50  per  cent,  from  its  initial  value. 

The  extent  to  which  the  light  of  the  incandescent  lamps 
is  diminished  by  continued  use  is  of  importance.  A  scries 
of  experiments  carried  out  to  a.^cei'tain  this  loss  showed  that 
a  lamp  having  an  initial  intensity  of  14- S  candles,  and 
maintained  at  a  practically  constant  current  of  100  volts 
and  0  ■  5  ampere,  fell  in  100  liours  to  1 4  ■  0  candles,  in  250 
hours  to  11  ■  5  candles,  and  in  500  hours  to  10  5  candles, 
remaining  fairly  constant  at  that  intensity  for  another  250 
hours.  From  these  results  it  is  evidently  desirable  to  cause 
a  lamp  to  be  subjected  to  the  electric  current  at  which  it  is 
intended  to  be  worked  for  some  little  time  before  it  is 
measured,  as  if  the  initial  intensity  is  accepted  aa  the 
average  intensity,  the  lamp  will  be  credited  with  too  high  a 
value. 

The  practical  outcome  of  these  testings  is  : — (1)  That  the 
public  should  be  protected  against  any  diminution  of  tho 
strength  of  the  cm-rent  by  systematic  testings,  and  the 
companies  subjected  to  penalties  in  the  event  of  default. 
{i)  That  all  lamps  should  be  tested  for  their  illuminating 
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power  when  submitted  to  their  prescribed  current.  (3) 
That  IG  candle-power  lamps  are  more  economical  in  relation 
to  light  and  current  than  8  candle-power  lamps. 

The  efficiency  of  the  incandescent  and  arc  lamps  has  also 
been  carefully  studied  by  Professor  L.  Nichols,  of  the  Cornell 
University,  under  whose  directions  Mr.  Merritt  and  Mr. 
Hatsune  Nakano  carried  out  a  series  of  most  interesting 
and  valuable  experiments.* 

After  a  preliminary  series  of  tents  of  incandescent  lamps 
b}'^  means  of  a  calorimeter,  Mr.  Merritt  carried  out  a  series 
of  determinations  with  the  thermopile.  The  results  for  the 
four  lamps  are  as  follows  : — W  is  the  total  energy  expended, 
measured  in  watts ;  L  is  the  energy  of  the  light,  also 
measured  in  watts  ;  and  C.P.  is  the  candle-power. 

Table  LXIII. 


Lamp  B. — An  Edison  16  Candle  power  Lamp,    Besisiance  = 

249  Ohms. 


E.M.F. 

GJ}  •  0 
740 
85  •  4 
990 


W. 
2;")  •  4 

a?  •  H 

52-5 
72  •  2 


nOO     ...  1020 


C.P. 

L. 

1 
u 

...     0-3     .. 

.     0-42     ... 

010     . 

...     1- 

...     10     ... 

.     0-77     ... 

021 

...    0- 

...     2-5     .. 

.     1-96     ... 

037     . 

...    0- 

...     6-3     .. 

.     4-30     ... 

059     . 

..   0- 

...  15-2     .. 

.     7-38     ...     • 

072     . 

...    0- 

61 
•79 
•78 
•68 

49 


Lamp  C. —  Weston  10  Candlejjoiver.     Cold  Resistance  =  402  Ohms. 


E.M.F. 

720 

87-4 

102-0 

1170 


W. 

21-6 
33-5 
47-8 
061 


C.P. 


...  0 

..  1 

,..  4 

,..  10 


4 
7 


L. 

0-40 
110 
2  09 
319 


W. 
021 
033 
044 
048 


C.P. 


1 
0 
0 
0 


27 
76 
48 
30 


*  These  researches  were  published  in  America,  those  by  Mr.  Merritt  in 
a  contribution  to  the  American  Association  for  the  Advancement  of  Science, 
Cleveland,  August,  1888,  and  those  by  Mr.  Hatsund  Nakano  in  a  paper 
published  in  the  "Transactions"  of  the  American  Institute  of  fjl^ctrioi^ 
Jingineers,  Vol.  vi.,  1889, 
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Table  LXIII.  (continued). 

Lamp  D. — Weston  16  Candle  power,  70  Volt.     liesistance  = 

152  Ohms. 


L.  L. 


E.M.F.             W.  C.P.  L.  .„  ,,  ^ 

430  ...  25-8  ...  0-5  ...  0*53  ...  021  ...  106 

50-7  ...  360  ...  1-6  ...  0-97  ...  027  ...  062 

60-5  ...  520  ...  5-2  ...  203  ...  039  ...  0-39 

67-5  ...  65-5  ...  110  ...  3  95  ...  060  ...  036 


Lamp  E. — Bernstein^  Candle-power,    liesistance  =  ll'Q  Ohms. 

E.M.F.  W.  C.P.  L.  -J;*  ~ 

12-2  ...  25-2  ...  0-2  ...  0-20  ...  0008  ...  100 

13-4  ...  30-8  ...  0-5  ...  0-41  ...  013  ...  084 

150  ...  40-4  ...  1-3  ...  0-75  ...  -018  ...  0-57 

16-4  ...  53-2  ...  4-1  ...  2-03  ...  -033  ...  050 

None  of  the  lamps  tested  were  of  the  most  recent  styles,  all  being 
made  previous  to  1886.  All  the  lamps  also  bad  been  used  a  greater 
or  less  time  before  the  tests  were  made.  Lamps  B  and  E  especially 
had  seen  a  great  deal  of  use,  and  had  their  glass  globes  slightly 
blackened. 

From  these  results  it  will  be  seen  that  the  energy  per  candle-power 
varies  from  1*5  watts  at  0*5  candle-power  to  about  0*3  watts  at  16 
candle-power.  In  every  case  the  intensity  of  the  light,  as  measured 
by  its  candle-power,  increases  more  rapidly  than  the  energy  of  the 
light.  In  this  connection  it  is  interesting  to  compare  the  value  of  the 
mechanical  equivalent  of  a  candle-power  of  lamplight,  found  by  Dr.  J. 
Thomson  some  twenty  years  ago."^  His  method  was  similar  to  that 
used  in  these  experiments.  A  cell  of  distilled  water  was  used  instead 
of  an  alum  solution,  and  no  correction  was  made  for  the  dark  heat 
passing  through.  To  get  absolute  measurements  of  energy  he 
standardised  his  thermopile  by  means  of  Leslie  tubes.  He  found  the 
energy  of  one  candle-power  of  light  from  an  oil  lamp  to  be  2*5 
watts,  and  for  a  gas  flame  and  a  standard  candle  the  value  was  very 
nearly  the  same.  This  is  considerably  larger  than  the  greatest  value 
now  found.  A  part  of  the  difference  might  be  accounted  for  by  the 
correction  for  dark  heat  passing  through  the  water,  which  Dr. 
Thomson  neglected,  and  the  standards  of  light  used  in  the  two  cases 
may  have  been  different.  It  is  hard  to  believe  that  the  temperature 
of  the  incandescent  matter  in  an  oil  flame  is  less  than  that  of  a  lamp 

*  Julias  Thomson.  "DasMechanische  AequivalentdesLichtefl."  Pogg. 
Ann.  czzv.,  p.  848. 
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filament  at  0' 5  candle-power.  Recent  spectro-photometric  determi- 
nations by  Dr.  E.  L.  Nichols  and  Mr.  W.  S.  Franklin'^  show  that  the 
light  from  a  gas  flame  is  of  almost  exactly  the  same  quality  as  that 
from  an  incandescent  lamp  dt  16  candle-power.  This  would  seem  to 
indicate  that  the  incandescent  matter  in  a  gas  flame  is  at  about 
the  same  temperature  as  the  lamp  filament. 


•  Pro.  A.A.A.S.  ( leveland  meet        18^8; 
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CH\PTER  XXVII. 

COMPARISON  OF  COST  AND  HEATING   EFFECT  OF  LIGHTING  BY 

GAS   AND   ELECTRICITY. 

The  cost  of  light  obtained  by  the  consumption  of  gas  in 
suitable  burners  is  ascertained  by  the  consideration  of  the 
following  three  principal  factoi-s : — First,  the  quantity  of 
gas  consumed  in  terras  of  cubic  feet  per  hour;  second, 
the  illuminative  value  thereby  produced,  commonly  spoken 
of  as  the  "  illuminating  power;"  and  third,  the  cost  of  the 
gas  per  1000  cubic  feet. 

There  are  various  other  considerations  to  be  taken  into 
account,  such  as  cost  of  fittings,  globes,  mantles  (when 
used),  &c.,  which  must  not  be  overlooked  when  making 
exact  comparisons. 

In  the  case  of  light  produced  by  the  agency  of  the 
electric  current,  the  equivalent  factors  are : — First,  current 
stated  in  terms  of  watts ;  second,  illuminating  power ;  and 
third,  the  cost  of  current. 

For  the  purpose  of  fixing  the  commercial  value  of  the 
current,  the  "  Board  of  Trade  unit "  is  adopted.  This  unit 
is  the  equivalent  of  1  kilowatt  =  1000  watts,  acting 
during  one  hour. 

The  watt  is  the  product  of  the  qvuntity  of  the  current, 
expressed  in  "ampferes,"  and  its  intensity  expressed  in 
"volts."  Thus  100  volts  x  10  amperes  equal  1  kilowatt, 
which,  acting  during  one  hour,  equals  one  Board  of  Trade 
unit. 

In  the  words  of  the  Fourth  Schedule  of  the  Board's  form 
of  Provisional  Order  under  the  Electric  Lighting  Acts, 
1882  and  1888,  it  is  stated  in  regard  to  maximum  prices, 


iU 
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that  ''ill  tliis  schedule  tlie  expreasion  unit  shall  mean  the  I 
energy  contained  in  a  current  of  1000  amperes  flowing  | 
under  an  electromotive  force  of  one  volt  during  one  hour." 

If  a  light  having  an  intensity  equal  to  that  of  sixteen 
standard  candles  is  obtained  by  means  of  coal  gas,  burning 
in  an  Argand  burner  at  the  rate  of  5  cubic  feet  of  gas  per 
hour,  it  is  evident  that  in  order  to  obtain  1000  candles  of  J 
light  by  such  means  we  must  consume  5  x  1000  -;-  10  =  . 
312  cubic  feet  of  ga«.  If  the  gas  costs  3s  per  1000  cubic  J 
feet,  then  the  cost  of  the  gas  actually  consumed  =  SGd.  x 
312  -^  1000  =  ll-232d. 

To  obtain  the  same  degree  of  iilinidnation,  viz.,  »xtecn 
candles,  by  means  of  an  electric  current  acting  in  an 
incandescent  lamp,  we  shall  probably  use  up  current  at  the 
rate  of,  saj-,  GO  watts  per  hour,  which,  on  the  basis  of  (id, 
per  Board  of  Trade  unit,  will  be  60  X  ICOO  -^  Iti  =  3750 
watts  =  3'7->  Board  oE  Trade  units  =  Is.  lOJd.,  i.e.,  six- 
teen candles  by  the  electric  current  costs  Is.  lOJd.  against 
Os.  ll^d.  bygas. 

From  this  it  will  at  once  be  seen  how  important  it  is  that 
before  a  definite  comparison  can  be  worked  out,  all  the 
data  must  be  clearly  asccitained. 

It  is  useless  to  assume  the  actual  intensity  of  one  light 
or  the  other.  They  must  be  accurately  measured,  other- 
wise the  comparison  will  be  as  valueless  as  it  would  be  if 
the  price  of  the  gas  or  that  of  the  electric  current  were 
gues-fed  at. 

When  a  compai  Ison  is  made  with  the  Weljibach  incan- 
descent gas  lights  the  results  are  very  different.  For 
instance,  if  a  new  Welsbach  mantle  affords  light  equal  to 
sixty  candles  when  consuming  gas  at  the  rate  of  3.)  cubic 
feet  per  hour,  the  cost  of  the  gas  being,  rm  Ijefore,  3b.  per 
lOOO  cubic  feet,  then  for  1000  candles  of  light  during  one 
hour  the  cost  will  be  3.j  x  1000  -=-  OO,  =  oH  cubic  feet, 
and  3Cd.  x  j»  -h  IOOO,  =  208Sd.  instead  of  ll-232d. 
for  gas  consumed  in  an  Argand  burner,  as  shown  above. 

In  like  manner,  the  cost  of  light  obtained  from  anv  form 
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of  gas  burner  can  be  compared  with  that  from  any 
electrical  system.  But  it  must  be  remembered  that  in  such 
calculations  the  quality  of  the  gas  used,  stated  in  "  candle- 
power/*  should  be  given  as  well  as  its  price,  for  quality 
varies  greatly,  as  already  stated. 

It  is  obvious  that  a  high  quality  of  gas  at  a  low  price 
will  show  a  more  favourable  result  to  gaseous  lighting  than 
would  a  low  quality  of  gas  at  a  high,  or  comparatively 
high,  price  per  1000  cubic  feet. 

Without  this  qualification  comparisons  of  relative  cost  at 
different  localities  would  be  misleading.  To  take  extremes, 
Is.  9d.  per  1000  cubic  feet  for  15 '5  candle  gas  in  a  coal- 
producing  district  would  show  a  very  different  ratio  to 
electric  lighting  than  w^ould  gas  of  14*0  candle-power  in  an 
agricultural  district,  at  4s.  Gd.  per  1000  cubic  feet;  to  say 
nothing  of  such  prices  as  those  which  commonly  prevail  on 
the  Continent  and  in  America. 

Table  LXIV.  will  probably  be  of  assistance  in 
making  comparisons  of  the  cost  of  equal  quantities  of  liijht 
by  different  methods,  apaii  from  questions  of  maintenance, 
repaii-s,  ice. : — 

Table  LXIV. 

Cost  of  producing  1000  CANDLES  of  Light  during  One  Hour, 

By  Electricity,  at  4d.  per  Board  of  Trade  unit  :— 

Pence. 

Arc  lamp,  450  candle-power,  250  watts        2*2 

Arc  lamp,  with  frosted  globe,  250  candle-power,  250  watts  4*0 

Arc  lamp,  with  opal  globe,  150  candle-power,  250  watts  ...  6*7 

Incandescent  lamp,  16*0  candle-power,  50  watts       12*5 

Nemst  lamp,  65*0  candle-power,  100  watts 6*2 

Coal  Gas,  16  0  candle-power,  at  88.  per  1000  cubic  feet : — 

Flat- flame  burners,  18  candle-power,  5ft.  per  hour    18*8 

Argand  burners,  16  candle-power,  5ft.  per  hour 11*2 

Welsbach  mantle  (say)  60  candle-power,  8* 5ft.  per  hour  ...  2*1 

*' Intensified ''  mantle,  800  candle-power,  10 'Oft.  per  hour  1*2 

Pbtrolbum  : — 

Kitson's  incandescent  oil  lamp,  1000  candle-power   0*8 

Flat-flame  lamp,  0*5  candle-power  at  617  gs.  per  hour, 

V    O  JO. I  nv  Xu.  ...       ...       ■*•       ...       ...       ...       •■■       ...       ...       ...  V   O 
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Sperm  : —  Pence. 

Candles,  17  lb.,  at  Is.  6d.  per  lb 258.  6cl. 

Oil,  Keates*  lamp  (16  candles),  8*2  lb.  at  ^d.  per  lb.    ...    87*0 

Colza  : — 

Oil,  carcel  lamp  (9  *  5  candles),  9 '  7  lb.,  at  B^d,  per  lb.        ...    84  *  0 
Oil,  in  hand-lamp  =  1*6  candles,  192  gms.  per  boor        ...    59*5 

On  the  other  hand,  if  the  comparison  is  to  be  made  on 
the  basis  of  any  one  light  source  with  another,  apart  from 
the  question  of  relatwe  intensity,  then  Table  LXV. 
may  be  referred  to : — 

Table  LXV. 

Cost  of  EACH  LIGHT,  per  Hour. 

Electricity,  at  4d.  per  B.T.  unit  :— 

Pence. 

Arc  lamp,  450  candle-power    1*00 

Arc  lamp,  frosted  globe,  250  candle-power 1*00 

Arc  lamp,  opal,  150  candle-power 1*00 

Incandescent  lamp,  16  candle-power     0*20 

Nemst  lamp,  65  candle-power       0*40 

Coal  Qas,  16*0  candle-power,  at  8s.  per  1000  cubic  feet: — 

Flat- flame  burners,  13  candle-power,  5ft.  per  bour    0*18 

Argand  burners,  16  candle-power,  5ft.  per  hour 0  18 

Welsbach  incandescent,  60  candle-power,  8*  5ft.  per  hour  0*18 
**  Intensified  *'  incandescent,  300  candle-power,  10 'Oft.  per 

XJiiiUx         ••«       •••       •••       •••       •••       •••       •••       •••       •••       t««       •  •  9      \3   OO 

Petroleum  :— 

Kitson*s  incandescent  oil  lamp,  1000  candle-power    0*80 

Flat- flame  lamp,  9' 5  candle-power        0*09 

Sperm  Candles,  10  candle-power    0*81 

Sperm  Oil  : — 
Moderator  lamp,  16*0  candle -po^er      0'60 

Colza  Oil  : — 

Carcel  lamp,  9*5  candle-power       0*82 

Hand  lamp,  1  * 6  candle-power 0*10 

The  Heat  Produced  by  Different  Lights, — In  the  issue  of 
the  Journal  of  Gas  Lujhtinij  for  September  8th,  1896  (page 
417),reference  was  made  to  some  expeiiments which  had  been 
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carried  out  by  Herr  Peukert,  of  Hanover,  with  the  view  of 
ascertaining  the  quantity  of  heat  emitted  by  electric  lamps 
in  the  space  of  one  hour.  The  following  results  of  his 
investigations  (which,  as  will  be  seen,  embraced  other  light- 
giving  materials)  have  been  published  in  the  Zeitschrift 
filr  Electrotechnik : — 


Table  LXVI. 

Units  of  heat. 

Incandescent  lamps — 

Siemens  and  Halske 

•            m  9  9 

427 

J-iUlDwU  •••         •••         •••         •••         «••         •••         •• 

m            •  •  • 

855 

O  Vt  OvU      «••         •••         •••         •••         •••         •••         •• 

t             •  •  • 

430 

Bernstein 

•             •  •  « 

153 

Gas- 

Siemens'  Regenerative  burner 

•             •  •  • 

1,500 

AxxKanci         ■••     •••     •••     •••     •••     •• 

•             •  t  • 

4,860 

Two-hole  burner       

•             •  •  • 

12,150 

Petroleum — 

Bound  burner    

•            •  •  • 

3,360 

Small  flat  burner      

•             •  •  • 

7,200 

Solar  oil — 

Schuster's  and  Bauer's  lamps 

«             •  •  • 

8,360 

Small  flat  burner      

•             >  •  • 

7,200 

Bape  oil — 

Carcel  lamp       

•            •  t* 

4,200 

Beading  lamp     

•             •  •  • 

6,800 

Candles — 

Paraffin       

•             •  •  • 

9.200 

Spermaceti 

•            >  •  • 

7,960 

WftT 

•             •  •  • 

7,960 

Stearine      

•             •  •  • 

8,940 

^ cLUw^l^  •••         ■••         •••         •••         ■••         «••         tft 

•            «  •  • 

9,700 

With  regard  to  the  value  of  the  Bernstein  lamp,  M. 
Peukert  thinks  that  it  is  possibly  too  low,  owing  to  the  fact 
that  in  the  measurements,  losses  of  heat  were  not  absolutely 
guarded  against.  The  construction  of  the  lamp  was  such 
that  it  could  not  be  entirely  immersed  in  the  water  employed 
to  determine  the  heat  given  out. 
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CHAPTER    XXVIII. 

PRACTICAL    EXAMPLES    OF    ELECTRIC    LIGHTING    ON    DIRECT 
AND  ALTERNATING-CURRENT  SYSTEMS. 

As  indicating  the  advance  which  has  been  made  in 
lighting  by  means  of  electricity,  and  the  present  position  of 
that  sjstem,  the  following  particulars  of  typical  installa- 
tions have  been  kindly  supplied  by  the  various  authorities 
mentioned : — 

I. — Stockton-ox-Tees. 

The  three-wire  continuous-cuiTcnt  system  has  been  very 
successfully  adopted  at  Stockton-on-Tces.  The  contractors 
for  the  whole  cf  the  installation  in  this  station  were  the 
Brush  Electrical  Engineering  Company,  Limited.  The 
standard  pressure  of  supply  to  consumci*s  is  280  volts,  with 
460  volts  Ixitween  the  outer  conductoi's.  The  boiler-house 
contains  three  Galloway  boilers,  28ft.  long  by  7ft.  Gin.  wide; 
a  Green's  economiser,  the  scraper  gear  of  which  is  driven  by 
an  electric  motor  through  worm  gearing;  and  two  feed 
pumps,  with  a  duplicate  range  of  feed  pipes  for  supplying 
the  boilers  with  water  from  a  tank  placed  overhead. 

The  generating  machinery  consists  of  three  Univei'sal 
engines  coupled  to  continuous-current  generators  of  the 
Brush  Company's  standard  pattern.  One  of  the  engines  is 
coupled  to  two  25-kilowatt  two-pole  generators  arranged  to 
supply  either  side  of  the  three-wire  system  with  a  variation 
in  pressure  of  from  230  to  260  volts.  It  is  largely  used  to 
balance  the  two  sides  of  the  three-wire  system  as  well  as  to 
charge  the  cells.  The  other  two  engines  are  each  coupled  to 
150-kilowatt  six-pole  generators  supplying  at  460-520  volts 
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on  to  the  outer  conductor  of  the  three-wire  system,  ami  are 
of  the  usual  pattern  made  by  the  Brush  Company  for  liy;ht 

and  traction  purposes. 

There  is  a  double  balancer  fixed  close  to  the  switch- 
board, which  can  be  used  either  to  balance  the  three- wire 
system  or  as  a  booster  for  assisting  in  charging  the  cells,  or 
both  together.  The  switchboard  contains  the  usual  panels, 
cell  regulators,  and  feeder  cables. 

The  dynamos  are  protected  by  automatic  switches  antl 
the  feeders  by  fuses,  which  prevent  damage  being  done  by 
excessive  current.  There  are  three  miles  of  distribution, 
and  one  and  a-quarter  miles  of  feeder  cables. 

II. — Watford. 

As  an  example  of  the  equipment  of  an  electricity  supply 
station  on  the  high-tension  alternate-current  system,  wo 
give  the  following  brief  description  of  the  Watford  station: — 
The  contract  for  the  whole  of  this  plant,  except  the  switch- 
board and  cables,  was  assigned  to  the  Brush  Company,  who 
also  supplied  and  fixed  the  transformers  and  street  boxes. 

There  are  two  boilers  of  the  Baljcock  and  Wilaix  typ<?, 
each  capable  of  evaporating  GOOO  lb.  of  water  per  hour. 
The  feed-water  is  supplied  from  a  well  and  putn[>ed  inU}  a 
large  feed  tank,  that  can  also  l>c  filled  from  the  town 
mains.  The  lift  pump,  as  well  as  the  feed  pumps,  is  of  the 
Smith-Vaile  type,  ami  the  latter  arc  in  duplicate  with 
duplicate  feed  pipes,  and  so  arranged  ax  if)  supply  tlio 
boilers  either  direct  from  the  tank  or  througli  the 
economlser.  The  economiw;r  scrapi.»rH  are  worked  by  iiieanN 
of  belting  driven  V;y  a  single-pliaw^i  altematrj-ciirrent  motor 
of  the  Kollx;n  type. 

The  generating  plant  consists  of  two  1'70-kiUiwatt  mtin, 
and  one  30-kilowatt  s^^t,  the  latU;r  U;ing  princifially  Mmil 
for  the  station  ^lay-kia/1.  The  M'M  crnnpri^;  fUiwr/rtb'ii 
Universal  engines,  direct-coupled  t/;  Bninh  inducir/r-tyiio 
idtemators.    The  enginen  of  the  two  larger  min  are  of  tfff} 
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imlicateil  horse-power,  ami  run  at  TOO  rovoliiticms  per.] 
minute ;  they  are  fitted  with  autotiiatif  expansion  [ 
governors.  The  alternators  are  designed  for  a  pressure  of  1 
2200  volts  at  a  frequency  of  50  alternations  pi>r  second. 

The  switchboard  is  of  the  Cowan  steel  type,  and  is  I 
divided  into  panels,  each  complete  in  itself,  of  enamelled  f 
slate.  The  btis  bars  are  mounted  on  porcelain  insulators  | 
behind  the  board,  and  all  high-tension  parts  are  absolutely  j 
protected,  and  accidental  contact  with  them  is  impossible. 

There  are  five  and  a-half  milea  of  high-pressure  feeder 
mains,  which  are  of  the  concentric  type,  with  the  "  outer  " 
earthed,  and  work  at  2000  volts;  and  twenty-five  miles  of 
low-pressure  mains  for  public  lighting,  of  which  nineteen 
miles  are  of  the   twin  type  and  six  and  a-quarter  niile-j  I 
concentric.     The   low-pressure  private  lighting   cables  are  | 
concentric  and  five  miles  in  length,  forming  a  network  with  [ 
disconnecting  joint  boxes. 

There  are  ten  street  transformer  boxes  for  private  lighting,  i 
transforming  from  2000  to  200  volts  ;  also  six  ti-ansformers  ] 
for  public  lighting,  trans fcjrni in g  from   2000  to  400  volta, 
the  <Ustiibution  in  each  case  being  on  the  two-wire  system. 

Witli  the  exception  of  four  arc  lamps  in  the  Market-place, 
the  whole  of  the  public  lighting  is  done  with  incandescent  I 
lamps  of  8  to  10  candle-power,  arranged  two  in  series  aorass  ] 
the  400-volt  mains.     The  old  gas  lamps  have  in  most  cases 
been  adapted  byplacing  the  electric  lamps  in  the  gas  lanterns. 

Mr.  \V.  C  C.  Hawtayne,  of  Queen-street  Place,  prepared  J 
the  scheme,  and  acted  as  consulting  engineer  to  the  Watford  I 
Urban  District  Council  throughout  the  contract. 

CiLotcESTER  Municipal  EtErTRiciTV  Works. 

These   were    designed    by   and    carried   out    under  the  ] 
direction  of  Mr.  Robert  Hammond,  M.  Inst.  C.E.,  kc,  Con- 
sulting Engineer. 

Tlie  Boiler  House. — The  boiler  house  contains  four  J 
Lancashire  boilers,  three  by  Yates  and  Thom,  of  Black-  ^ 
burn,  and  one  by  Tinkers.     Each  of  the  former  boilers  is  * 


:jOft.  lonf;  by  8ft.  in  diameter,  capable  of  evaiwrating  GoOO  lb. 
of  steam  per  hour.  The  latter  is  30ft.  by  Sft.  (Jin,,  and  evapo- 
rates SOOO  lb.  They  ai-e  ma<Ie  of  steel  throughout,  and  are 
constructed  for  a  working  pressure  of  ICO  lb.  per  wjuare 
inch.  The  shells  are  composed  of  seven  rings,  each  made 
fram  one  plate  -}-§'"■  thick.  The  boilers  are  fitted  with 
Proctor's  mechanical  stokers.  The  dampers  in  the  side 
flues  are  worked  from  the  front  end  of  the  boilers,  the 
balance  weights  being  arranged  to  work  in  guides,  which 
are  graduated  to  show  the  opening  in  inches  and  feet. 
Water  is  fed  into  the  boilers  by  a  compound  double-acting 
ram  pump,  made  by  Evans,  of  Wolverhampton,  with  an 
injector  as  stand-by ;  and  the  feed-water  can  be  passed 
directly  into  the  boilers,  or  alternately  tlu-ougli  a  feed- 
heater  and  a  Green's  economiser,  containing  9ti  tubes.  A 
Bruce-Peebles  j-kilowatt  shunt-wound  motor  placed  out- 
side the  pump  house  drives  the  shafting  lor  tlie  mechanical 
stokers  and  the  scrapers  for  the  economiser.  The  main 
steam  and  feed  pipes  are  of  lap-welded  steel,  and  the  whole 
of  the  pipework  was  entrusted  to  Messrs.  Ashton,  Frost  and 
Co.,  Ltd.,  Blackburn. 

The  Engine  House  Plant.  —  The  onginal  generating 
plant  consisted  of  two  combined  sets.  The  larger  -set  is 
composed  of  a  triple-expan-sion  engine,  with  one  high  and 
two  intermediate  cylinders  placed  abo\'e  three  low-pressure 
cylinder-s,  working  on  cranks  set  120^  apart,  The  engine 
runs  at  a  speed  of  350  revolutions  per  minute,  and  is 
designed  to  give  500  indicated  horse-power,  with  160  lb. 
Bteam  pressure.  To  this  engine  are  coupled  two  Silvertown 
dynamos,  the  two  being  capable  of  giving  an  output  of 
300  kilowatts  at  any  pressure  between  440  and  500  volt-i. 
The  dynamos  are  of  the  single  horseshoe  type,  with  drum 
bar  armatures  and  shunt-wound  magnets, 

Tlie  smaller  engine  is  a  two-crank  compound  engine, 
with  one  high  and  one  low-pressure  cylinder,  woiking  on 
cranks  set  180'  apart,  the  steam  being  distributed  by 
single  piston  slide  valve  of  special  de-iign  placed  between 


I 
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tliem.  This  engine  runs  at  a  speed  uf  3f>0  revoUitiuns  per 
iniimtc,  and  will  give  250  imticatal  horsepower,  with 
130  lb.  oE  steam.  The  engine  drives  two  Silveitown 
dynamos  having  a  combined  capacity  of  150  kilowatts,  at 
any  pressure  from  4+0  to  550  volts,  these  machines  being 
of  tlie  same  type  as  those  of  the  larger  set.  The  engines, 
which  were  made  by  Messi's.  Belliss  and  Morcom,  Ltd.,  of 
Biniiingham,  are  fitted  witli  their  patent  system  of  forced 
lubrication.  In  this  system  a  small  pump  worked  off  the 
main  shaft  supplies  oil  under  pressure  to  a  series  of  pipeti 
^vhich  convey  the  oil  to  each  I^earing  and  ensure  evory 
working  part  being  thoroughly  lubricated.  By  this  means 
the  engines  are  enabled  to  make  iminterrupted  run.s  for 
long  periods  without  any  undue  consumption  of  oil.  The 
design,  truth  of  workmanship,  and  accuracy  of  adjustment 
of  the  plants  are  of  the  highest  class,  an<l  permit  of  the 
engines  running  quietly  and  without  trouble  at  the  high 
speed  at  which  they  work.  Since  the  opening,  an  addi- 
tional 300-kilowatt  set  of  plant  {Willans  500  horse-power 
and  Mather  and  Piatt  ilynauio)  has  been  ei'ectetl  nnd  is  now 
at  work,  thus  making  the  total  capacity  of  the  generatoi-s 
750  kilowatts. 

A  booster  is  placed  in  the  engine-room,  and  provides  the 
necessary  additional  pressure  for  charging  the  battery.  It 
consists  of  two  single  horseshoe  undertype  machines  coupled 
together  and  mounted  on  the  same  bed-plate.  One  machine 
runs  as  a  mutor,  and  obtains  current  from  the  bus  bara  at 
220  to  250  volts.  It  drives  the  other  machine,  which  is  a 
generator,  and  is  designed  to  give  a  curi'ent  of  100  amperes, 
at  any  pressure  from  20  to  150  volts  when  running  at  a 
speed  of  about  780  revolutions. 

In  the  ciiudenser  pit,  the  Blake  and  Knowlos  Steam  Pump 
Company  have  erected  three  of  their  world-wide  known  jet 
condensing  plants.  Each  of  these  is  capable  of  dealing 
easily  with  10,000  lb.  of  steam  per  hour,  and  of  maintaining 
a  vacuum  of  2Gin.  under  all  normal  conditions  of  atiiio» 
spheric  pressui-e. 
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An  overheatl  travelling  crane  spans  the  oDgine-room.  It 
was  made  Ijy  Messrs.  Spencer,  of  Hollinworni,  anfl  will  lift  a 
weight  of  11)  tons. 

T/ie  Switch  Gear. — On  a.  gallery  running  along  one  sido 
of  the  engine-room  is  placed  the  switcliljoard.  It  is  com- 
posed of  nine  enamelled  slate  slabs  fixed  in  a  wrought  iron 
fi-ame,  which  rests  on  a  plinth  of  glazed  bricks.  The  slates 
are  insulated  from  the  iron  frame  by  ebonite  bushes  and 
wa.shers,  and  the  uprights  of  the  framework  are  liidden  by 
a  polished  brass  beading,  which  gives  a  very  neat  appearance 
to  the  board. 

The  switchboard  is  divided  into  three  parts  :  the  positive 
on  the  right,  the  booster  and  battery  switches  and  instru- 
ments  being  in  the  centre,  and  the  negative  on  the  left.  Un 
the  positive  sido  are  mounted  the  two  minimum  automatic 
cut-outs,  shunt  regulating  switches,  and  shunt  breaking 
switches  for  the  dynamos,  aa  well  as  their  duplex  fusesandtwo- 
way  switches.  In  circuit  with  each  dynamo  is  a  Crompton 
shunted  type  ammeter,  and  a  Crompton  dead  beat  voltmeter 
is  common  to  the  two  machines,  the  switch  being  placed 
below  the  voltmeter.  At  the  top  of  the  board  are  placed 
the  six  sets  of  feeder  gear,  which  consists  of  an  ammeter,  a 
two-way  switch  with  a  quick-break  action  for  disconnecting 
the  circuit,  and  a  duplex  fuse.  The  negative  side  of  the 
board  is  similar  in  every  respect.  The  centre  panel 
contains  all  the  switches  for  operating  the  booster,  Above 
these  are  placed  hand  wheels,  which  are  geared  to  the 
battery  switches,  which  arc  placed  in  the  battery-room  over 
the  switchboard.  Each  hand  wheel  is  suri-ounded  by  the 
numbers  of  the  contacts  on  the  batteiy  switch,  and  the  gear 
is  so  arranged  that  for  each  complete  turn  of  the  wheel 
the  battery  switch  is  moved  on  to  a  new  contact,  the 
number  of  which  is  indicated  by  a  pointer  moving  to  the 
corresponding  number  on  the  fi-ont  of  the  board. 

In  circuit  with  the  earth  connection  from  the  middle  wire 
an  automatic  device  has  been  fixed  off  the  board.  It  is 
manufactured  by  Mcs-srs.  Crompton  and   Co.,  and  is  of  the 
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same  construction  as  their  well-known  type  of  automatic 
cut-out.  It  is  so  arranged  that  as  soon  as  the  earth  current 
exceeda  10  anipferos,  the  ammeter  is  short-circuiterl,  leaving  a 
direct  connection  from  the  middle  wire  to  earth.  There  is 
an  interlocking  arrangement  on  the  switch  which  prevents 
the  ammeter  lieing  put  into  circuit  until  the  earth  current 
has  again  fallen  below  10  amperes.  The  dynamos  and  the 
booster  are  connected  to  the  boaiil  by  means  of  india-rubber 
lead-covo-re<l  cables  drawn  into  Doulton  casing;  and  the 
battery  is  coupled  up  by  Jin.  copper  rods  run  on  insulators, 
which  are  su-spended  on  wrought  iron  straps  from  the 
roof. 

The  whole  of  the  switchboard  work  and  the  cable  and 
copper  connections  have  been  caiTiod  out  by  Messrs,  Cromp- 
ton  and  Co.,  of  Chelmsford, 

Tlie  Butier'j.—The  battery  consists  of  280  K.W.S.  type 
cells  manufactured  by  the  Electrical  Power  Storage  Com- 
pany, Limited,  and  is  capable  of  maintaining  a  discharge  of 
80  ampferes  continually  for  10  hours.  The  containing  boxes 
are  of  wood,  lead-lined,  each  cell  containing  thirty  platen 
flcparated  by  glass  tubes  held  in  places  at  the  top  and 
bottom;  and  the  cells  are  placed  on  two-tier  stands  with 
iron  standards  and  wood  bearers.  The  approximate  weio-ht 
of  each  cell,  complete  with  acid,  is  435  lb. 

The  Mams. — Callender's  Cable  and  Construction  Com- 
pany were  entrusted  with  this  inifwrUint  part  of  the  work 
the  mains  being  laid  on  the  "solid  "  system.  BrieHy,  this 
method  may  be  described  as  follows  :^ln  the  ti-ench  square 
cast  iron  troughs  are  laid,  into  which,  at  intervals  of  about 
a  foot,  are  placed  wooden  bridge  pieces  for  supporting  the 
cable.  A  clearance  all  round  the  cable  is  thus  provitled,  so 
that  when  bitumen  is  poured  into  the  trough  it  flows  all 
round  the  cable.  Over  the  troughs  are  laid  cast  iron  covers. 
For  the  private  supply  the  electricity  is  conveyed  from  the 
generating  works  to  various  parts  of  the  city  by  six 
"  feeder  "  cables,  wliicli,  as  their  title  implies,  feed  the  net- 
work  of  cable  that  distributes   the  current  amongst    the 
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consumers.  The  five  principal  "  feeders "  are  of  '4  square 
inch  section,  the  other  being  '25  square  inch.  By  the  side 
of  each  feeder  a  three-core  ^V  "  pilot "  cable,  lead-sheathed 
and  armoured,  is  laid  direct  in  the  earth,  and  runs  from 
each  feeding  point  to  the  main  switchboard  at  the  generat- 
ing works.  The  distributing  mains  form  a  complete  net- 
work of  cables  of  various  sizes,  and  are  joined  up  to  the 
feeders  in  Callender*s  disconnecting  boxes.  From  the 
distributors  service  lines  are  run  to  each  consumer.  All 
the  feeders  and  distributors  are  triple-concentric,  lead- 
sheathed  cables,  which  are  further  protected  by  the  l)itumen 
compound  in  the  cast  iron  troughs. 

The  cable  used  for  conveying  the  energy  to  the  public 
street  lamps  is  a  -pV  single  lead-sheathed  conductor  laid 
direct  in  the  gi'ound.  Each  section  of  the  public  lighting 
cable  is  connected  at  suitable  points  to  the  network. 

The  total  amount  of  cable  laid  up  to  the  present  is  as 

follows : — 

Miles. 
Feeder  cables 
Pilot  cables   ... 
Distributor  cables 
Public  lamp  cables 

Total 

Considerable  extensions  have  been  made  to  the  mains 
since  the  opening  of  the  works. 

The  Public  Lighting. — At  the  present  there  are  44  arc 
lamps  in  use  for  the  street  lighting,  these  being  grouped  in 
four  series  of  nine  lamps  each,  and  two  of  four  lamps,  and 
supplied  with  electrical  energy  from  the  distributing 
network.  The  lamps  are  the  Brockie-Pell  single  carbon 
type,  ahd  are  erected  on  posts  supplied  by  Messrs.  Hardy 
and  Padmore,  of  Worcester.  Each  lamp  is  provided  with 
an  automatic  switch,  which  inserts  a  substitutional  resist- 
ance if  the  circuit  in  the  lamp  be  broken.  For  trimming 
and  repairs  the  lamps  are  lowered  by  means  of  a  winch 
fitted  in  the  base  of  the  pillars. 
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System  of  Charging. — After  very  cfiroful  consi'lcmtion,,  I 
the  Coi-poration  decided   to  adopt  a  sliding-scalo  sj-atcm 
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The  Jollawing    Table  ffioei  a  JJteful  Comparison   of  the  Coat  af^ 

Electric  Light  and  Qat  in  Glouceftrr. 
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hours 

UHed. 

is 
il 
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s 

AonQalciwtofelei! 
giving  Sep. 

11 

f 

C)w  of  premiaes. 

s. 

ii 

1 

P 

In 

Offices,  &o 

1 

36S 

d. 

7 

B.    d. 
6     4 

a.  d. 
3    6 

>.  a. 

Early  dosing  shopa 

2 

730 

ii 

8     8 

7    1 

Other  Bhopa      

S 

1005 

3'8 

10     4 

10  11 

0    7 

Dwollitig-hoQsea,  ic. 

4 

14fi0 

B-4 

12     2 

14  e 

3  -t 

public -houses 

( 

6 
6 

1H25 
3190 

3-1 
29 

14  2 

15  11 

18    8 
21  10 

4    1 

6  11 

Clubs  and  billiard  rooma-; 

7 

2S55 

2-78 

17    9 

25    7 

7  10 

1 

Outside  lamps,  dftrkbnai- 1 
baHemeuts                 ) 

8 
II 
24 

2920 

401 C 
8T60 

2-68 

2-50 
2'28 

19    7 
24  11 
48  10 

29    2 
40    1 

87    5 

9    7 

16  a 

S8    7 

N.B.— The  above  figures  do  not  include  the  oostol  renewing  lamps, 
but  a  lamp  (coBttog  la.)  will  burn  about  2j  hours  a  day  for  a  ;ear. 
On  the  other  hand,  no  allowance  baa  been  made  in  respect  of  the  great 
saving  tiiat  may  be  ofTectcd  by  the  uac  of  suitable  switching  arrange- 
ments for  turning  off  the  light  when  not  required,  or  in  reapect  of  thft  , 
periodical  taviog  in  the  cost  of  decorating  premiaea  aud  other  advao- 
tages  resulling  from  the  use  of  electricity. 

whereby  the  price  of  electricity  to  any  consumer  will  befl 
regulated  by  the  length  of  time  during  which  the  supply^ 
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is  used.  The  scale  of  charges  has  been  fixed  as  follows 
(since  revised  by  reducing  7d.  to  Gd.) : — 

Sevenpence  per  unit :  For  any  number  of  units  up  to 
the  equivalent  of  100  hours*  use  per  quarter  of  the 
maximum  demand  recorded  by  the  demand  indicator. 
(N.B. — By  "maximum  demand"  is  meant  the  largest 
quantity  of  electrical  eneigy  in  actual  use  at  sonie 
particular  time  during  the  quarter.) 

Twopence  per  unit :  For  all  consumption  during  the 
quarter  beyond  the  above.  The  object  of  this  sliding  scale 
of  charges  is  to  provide  for  the  payment  by  each  consumer 
of  the  due  proportion  of  the  charges  which  are  involved 
in  laying  down  and  always  keeping  ready  the  necessary 
plant  for  the  supply  of  the  full  amount  of  electrical  energy 
which  the  consumer  may  at  any  time  demand. 

For  motive  power  the  following  rates  have  been  adopted: 
— 4Jd.  per  unit  for  any  number  of  units  up  to  the  equiva- 
lent of  100  houra*  use  per  quarter  of  the  maximum  demand 
recorded  by  the  demand  indicator ;  l^^d.  per  unit  for  all 
consumption  during  the  quarter  beyond  the  above.  That 
this  is  an  extremely  favourable  rate  to  the  consumer  will  be 
seen  from  the  following  table  : — 


Table  LXVIII. 

For  a  use  of  1  hour  per  day  of  the  maximum  demand, 
the  average  price  per  unit  will  be  ... 

For  a  use  of  2  hours  ditto  ditto      

For  a  use  of  4  hours  ditto  ditto      

For  a  use  of  6  hours  ditto  ditto      

For  a  use  of  12  hours  ditto  ditto    


d. 

4-5 

816 

2-32 

205 

1-77 


The  following  particulars  of  the  first  eight  and  a-half 
months  of  working  will  be  of  interest : — 

Number  of  8  candle-power  lamps  connected  at 

Slst  March  last      14,008 

Number  of  units  sold  during  eight  and  a-half 

months     ••     •••    177,884 
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Price  charged  during  that  period : — 

For  lighting,  7d.  per  unit  for  the  first  100 
hours  of  the  maximum  demand  per 
quarter,  2d.  per  unit  for  all  further 
consumption. 
For  power  and  heat,  4j^.  per  unit  for  the 
first  100  hours  of  the  maximum  de- 
mand per  quarter,  and  l^d.  per  unit 
for  all  further  consumption. 
The  average    price  for  the    eight  and    a-half 
months  works  out  as  follows : — 
Private  lighting  and  power  supply 

The  financial  results  were  as  follows : — 

Total  revenue  for  eight  and  a-half  months  ... 
Costs  of  working 

vjTxOBS  prouii...       •••       •••       *•«       *•«       ...       ••.       ... 

Interest  and  sinking  fund 

Deficit  for  eight  and  a-half  months        


4*80d.  per  unit. 


J^760 
jei586 
J£ld60 
jei42d 
Xd3 


For  the  first  few  months'  working  of  a  new  concern  this 
is  a  highly  satisfactory  result. 

The  costs  of  working  are  as  follows : — 


M 

Per  unit. 

v/oai       ••*     •••     •••     •••     *•«     *•■ 

•  •  • 

642 

•  •  • 

...     -STd. 

Oil,  waste,  water,  and  engine-room 

OUvJLwo  •••           •••           •••           •••           •••           ••• 

57 

...      OVd. 

Wages  of  workmen     

310 

...     •42d. 

Repairs  and  maintenance 

134 

...     -ISd. 

Kent,  rates,  and  taxes        

125 

...     -ITd. 

Management  expenses      

268 
1536 

...    -sed. 

^  \J  UClil             •••           •■•           •■•           •••           ••• 

...  2-07d. 

BlUSTOL. 

Historical  Note, — Bristol  was  one  of  the  earliest  of 
Britisli  towns  to  take  active  steps  to  secure  riglits  to  work 
an  electrical  undertaking  under  municipal  control.  In  1883 
a  Provisional  Order  was  obtained  from  the  Board  of  Trade 
under  the  Electric  Lighting  Act  of  1882.  For  some  years, 
liowever,  no  further  steps  were  taken,  Mr.  W.  H.  Preeco 
(now  Sir  William  Preece),  the  Consulting  Engineer  called 
in  l»y  the  Committee  to  advise,  recommending  "  a  waiting 
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policy  "  until  schemes  for  generation  and  distribution  had 
been  further  developed  and  tried. 

In  December,  1891,  Mr.  Preece  presented  a  report  recom- 
mending the  outlay  of  £06,000  upon  the  equipment  of  a 
complete  system  for  the  supply  of  20,000  incandescent 
lamps  (i.e.,  10,000  of  IG  c.p.)  and  100  arc  lamps.  A  site 
for  the  generating  station  was  obtained  at  Temple  Back. 

In  October,  1892,  Mr.  H.  Faraday  Proctor,  the  City 
Electrical  Engineer,  was  appointed  to  supervise  the  general 
arrangement  of  the  works,  and  manage  them  when  laid 
down. 

The  supply  of  electricity  to  private  consumers  was  com- 
menced in  August,  1898,  at  the  date  of  the  opening  of  the 
Bristol  Exhibition,  and  the  public  street  arc  lamps  were 
iirst  lighted  in  November  of  the  same  year.  By  the  end 
of  1893  there  were  connected  nearly  8000  lamps,  or  about 
40  per  cent,  of  the  total  number  originally  contemplated  in 
the  scheme.  Up  to  this  period  20  miles  of  cable  had  been 
laid,  ten  sub-stations  equipped,  and  120  consumers  con- 
nected, the  capital  outlay  being  about  £80,000  (including  the 
value  of  plant  purchased  but  not  paid  for). 

In  1894  the  plant  capacity  was  increased  by  two-thirds, 
a  small  gas  engine  and  alternator  which  had  been  put  in  to 
run  the  light  load  during  the  small  hours  of  the  morning 
and  the  day,  being  displaced,  the  rapid  increase  in  the 
demand  for  current  having  rendered  this  plant  too 
small  for  beneficial  use.  Further  additions  have  been  made 
to  the  generating  plant  every  year. 

In  1896  a  general  scheme  was  prepared  and  passed 
for  the  extension  of  the  buildings  and  machinery,  and 
also  the  mains  for  private  supply  and  for  public  street 
lighting  by  arc  lamps.  The  general  arrangement  of  the 
extensions  was  carried  out  on  similar  lines  to  the  original 
but  larger  machines  were  put  in,  each  unit  of  plant  (i.e., 
engine  and  alternating-current  generator  combined),  giving 
double  the  output  of  the  largest  machine  hitherto  used. 
Five     more     Lancashire     boilers,    fitted    with     automatic 
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mechanical  stokers,   were   put   down.      In   this   extension 
fiuctricity  was  adopted  for  driving  all  tlie  auxiliary  plant, 
such  s,s  boiler  feed  pumps,  mechanical  atokei-s,  circulating  j 
pumps,  &c. 

In  1808  a  still  further  extension  of  the  plant  wa^  | 
arranged,  including  two  Eabcock  and  Wilcox  water-tube  I 
boilei-s,  and  considerable  developments  and  improvements  I 
were  made  in  the  awitchboai-ds  from  time  to  time. 

Owing  to  tlie  limited  space  available  at  Temple  Back, , 
and  the  very  rapid  increase  in  the  demand  for  electricity,  ' 
it  became  necessary  to  consider  the  best  means  of  arranging  I 
fur  the  ultimate  requirements,  or  at  any  i-ate  to  meet  tho  \ 
demand  for  many  yeara  to  come. 

The  sit«  selected  and  pureliased  for  the  new  electricity  j 
works  is  situated  on  the  Fee<ler  Road ;  it  is  bounded  by  tha  I 
Feeder  Road  and  Canal,  one  of  the  Bedminster  colIierie8,J 
a  branch  line  of  the  Great  Western  Railway,  and  liyj 
vacant  land ;  it  is  alwut  ten  acres  in  extent,  and  !■<  wtthiul 
a  reasonable  distance  from  all  parts  of  the  City  for  the! 
distribution  of  electrical  energy. 

The  schemes  for  the  extensions  were  prepared  by  the  1 
Engineers  of  the  Electricity  Department.  The  excavation  j 
for  the  foundations  for  these  works  was  commenced  on  I 
November  12th,  1000.  Tlie  foundations  for  the  mainl 
buildings  were  practically  completed  about  the  end  of  J 
April,  1901.  The  erection  of  the  superstructure  and  the  I 
machinery  were  carried  on  simultaneously,  and  the  sb 
pi-o.ssure  was  first  raised  in  the  boilers  on  December  S.'JrtI,  I 
1001,  that  is  to  say,  only  thirteen  months  after  the  con; 
menccment  of  tlie  excavation  for  the  foundation  contract. 

Generators. — In  the  engine-room,  which  is  loOft,  long  by 
47ft.  wide  and  40ft.  high  to  the  springing  of  the  roof,  there 
are  at  present  placed  two  745-kilowatt  steam  alternators,  , 
each  capable  of  an  emei^eney  load  of  920  kilowatts;  iti>a 
other  words,  each  of  thase  machines  at  its  emergency  loactl 
would  supply  sufficient  energy  to  keep  alight  30,6G64 
8  candle-power  lamps,      Tlicrc  are  also  two  1 65-kilowatt| 


Bristol. 


m 


steam  dynamos,  intended  for  driving  the  works  power  > 
that  is  to  say,  for  supplying  the  energy  to  tlie  numerous 
motors  used  for  driving  auxiliary  plant  in  the  present 
instalment  and  future  extension  of  the  works. 

Engines. — The  engines  are  all  of  the  well-known  Willans 
central  valve  make,  and  are  single-acting  triple-expansion 
engines,  the  larger  ones  having  three  lines  and  the  smaller 
ones  two  lines  of  cylindei-s.  Tho  high  speed,  besides  giving 
great  steadiness  in  driving,  concentrating  great  power  in  a 
small  space  and  saving  weight  enormously,  specially  adapts 
the  Willans  engine  for  the  direct  driving  of  iljnamos  or 
other  high-speed  machinery,  and  is  an  important  factor  in 
steam  economy. 

Alternators. — Each  of  the  larger  engines  is  direct  coupled 
to  a  Siemens  "  Copper-type  "  alternatoi',  running  at  a  speed 
of  22i  revolutions  per  minute,  generating  electricity  at  a 
pressure  of  about  2uO0  volts.  The  exciters  for  the  alter- 
nators are  also  of  Messin.  Siemens  Bros.'  make. 

Dynarnoa. — The  smaller  engines  are  <lirect-coupled  to 
Siemens  two-pole  compound-wound  dynamos,  generating 
continuous  current  at  a  pressure  of  oOO  volts. 

Motors. — The  motors  for  driving  the  auxiliary  plant 
throughout  the  works  are  of  Messrs.  Siemens  Bros.' 
4d  type. 

Switchboards, — The  switchboard  gallery  is  at  a  height  of 
12ft.  above  the  engine-room  iloor,  the  room  underneath 
being  used  for  the  machine  resistances  and  other  apparata 
in  connection  with  the  switchhoartl.  The  switchboards 
are  of  the  Ferranti  type,  and  are  built  into  the  wall. 
They  are  corapased  entirely  of  non-intlamniable  material, 
being  specially  designed  to  avoid  risk  of  either  fire  or 
personal  injury  to  the  operators.  Heavy  slate  panels  arc 
fixed  horizontally,  and  grouted  into  the  wall.  Between 
these  main  slates,  and  sliding  into  grooves  in  them,  aro 
arranged  a  number  of  vertical  division  slates,  about  -Jin. 
thick,  dividing  the  whole  base  into  a  number  of  distinct 
compartments.    The  switches,  instrumenta,  bua-bars,  Sec, 
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ai'e  mountoii  in  such  a  way  that  each  apijlianct  and  each  I 
conJuctor  ia  separated  by  some  insulating   material,  cacfaj 
fitting  hoing  mounted  in  an  entirely  separate  compartmcnt.1 
The  cables,  run  from  iiiacbines.  are  sealed  in  receivers  tixedfl 
to   the  bottom   of   the   board,    and    in    the    case    of   than 
alternating  ctiiTent  boai-d,  one  conductor   is   connected  torn 
the  earth  bar — also  fixed  to  the  bottom  slate^the  otherl 
being  joined  to  the  fuse  panel  contacts.     Each  machine  and 
circuit  panel  consists  of  an  oil-brake  fuse,  with  duplicate 
contacts,   a  Iiigh-tension   spring  "oii-brake"  switch,  high- 
tension  ammeter  and  contacts,  and  bus-bar  fittings.     AllJ 
inati'unients,  fuses,   bus-bar    Unks,   &ic.,   may   Iw    quickly>a 
removed  without  danger  while  the  Iward  is  alive,  and  thf^ 
board  having  no  back  avoids  the  usual   tangle  of  cables 
thus  minimising  the  danger  of  fire  or  accident     Tliis  is  i 
same  type  of  switchboard  as  that  which  is  being  installei 
by  degrees  at  Temple   Hack   to  take  the  place  of  tlie  oldei 
form  of  switchboard. 

Trunk  Cable><.~At  these  switchlicai<Is  connections  an 
made  by  means  of  "  trunk "  maiiL=  with  the  plant 
Temple  Back,  it  being  the  intention  to  run  the  whole  of  thfl* 
plant,  for  the  time  Vieing  at  any  rate,  in  parallel,  the  energy 
generated  at  the  Avonbank  Works  being  transmitted  by 
mean.s  of  these  trunk  mains  to  Temple  Back  Works  for 
distribution  over  the  city.  The  mains  at  pix'sent  laid  i 
thi-ee  in  number — two  conductor,  concentric,  paper  insulate 
— of  Messi-s.  Siemens  Eros.'  make. 

Generators. — In  the  engine-room  there  are  eighte 
Willans  engines,  working  at  a  steam  pressure  o£  123  Ib^ 
per  square  inch,  driving  alternators  and  dynamos, 
former  for  general  lighting  purposes  and  the  latter  for  stre* 
arc  lighting  and  for  power  supply. 

jS'^sfems  of  Supply. — The  distribution  of  energy  is  caniec 
out   on   the   three   following    systems;— (1)  High-pressuro 
alternating  current  at  2000  volts.     (2)  Direct  current  at  COO 
volts   for  arc   lighting.     0)  Direct  current   on  the  throe-r- 
n-ire  system  at  2.50  or  500  volts. 
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(I)  High-pressure  Alternating-current  Supply. — The 
current  is  taken  from  the  central  station  by  means  of 
cables  direct  to  distributing  sub-stations  at  various  central 
points,  and  is  there  transformed  from  2000  volts  to  105  or 
210  volts,  at  which  pressure  the  energy  is  delivered  to  the 
consumers. 

The  high-pressure  alternating-current  system  was  adopted 
on  account  of  the  very  large  area  over  which  the  energy  has 
to  be  supplied.  It  is  neither  safe  nor  permissible  to  supply 
the  public  generally  at  a  high  pressure,  but,  on  the  other 
hand,  it  is  not  economical  to  distribute  a  low-pressure  current 
at  a  great  distance  from  the  point  where  the  energy  is 
generated.  It  was,  therefore,  desirable  to  generate  the 
current  at  a  high  pressure  and  transform  it  down  to  a  lower 
and  safer  pressure  at  numerous  local  centres  for  distribution 
Under  existing  circumstances  alternating  current  is  more 
suitable  than  direct  current,  since  alternating  current  can  be 
transformed  by  apparata  having  no  moving  parts  and  not 
requiring  constant  attention.  The  transformer  in  Bristol 
receive  their  supply  of  current  at  a  pressure  of  2000  volts, 
and  they  reduce  this  to  a  pressure  of  105  or  210  volts,  that 
is  to  say,  in  the  ratio  of  about  20  to  1  or  10  to  1  ;  at  the 
same  time  the  quantity  of  current  is  amplified  in  the  same 
ratio.  For  each  ampere  of  current  delivered  to  the  high 
tension,  or  primary  side  of  a  transformer,  20  or  10  amperes 
respectively  are  delivered  from  the  low-tension  or  secondary 
side.  These  apparata,  together  with  the  switches,  auto- 
matic cut-outs,  and  other  appliances,  are  placed  in  sub- 
stations, which  are  usually  situated  under  the  footways  or 
roadways. 

The  sub-station,  which  is  situated  under  the  roadway  at 
the  junction  of  Whiteladies'  Road  with  Queen's  Road, 
contains  such  apparata,  but  in  addition  thereto  it  is  used  as 
the  distributing  centre  for  the  whole  of  Clifton  and  Red- 
land  ;  that  is  to  say,  the  main  or  trunk  high-tension  cables 
from  Temple  Back  are  laid  thereto,  and  sub-high-tension 
cables  are  taken  therefrom  to  ail  the  different  sub-stations 
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ill  the  bo t'ure- mentioned  neighbourhoods.  The  necessary  J 
fuses  and  other  safety  appliances  required  fov  the  controlling  'I 
of  these  feeders  are  contained  in  this  distributing  station. 

Tlie  trunk  feeder  cables  for  the  Clifton  and  Bedland  ij 
street  arc-lighting  circuits  are  similarly  ti'eated  in  this  J 
distributing  station.  In  other  words,  this  distributing  4 
station,  in  relation  to  Temple  Back,  pci-fonns  the  samoj 
functions  for  the  north-western  portion  of  the  city  as  thai 
Temple  Back  station  will  peiform,  in  relation  to  the  new  I 
Avonbank  Electricity  Works,  for  the  city  generally.  Thej 
enerjry  is  transmitted  from  Avonbank  to  Temple  Back  l^  I 
trunk  feeder  cables  for  dLstiibution  to  other  feeder  cables-j 
connected  with  the  different  sub-stations  in  the  city.  Thersn 
are  in  all  at  the  present  time  55  sub-statifms,  tlie  dimensions 
of  the  smallest  standard  size  of  sub-station  l>eing  10ft.  lon^  I 
6ft.  Gin,  wide,  and  Git.  Gin,  high. 

The  cables  used  for  feeding  the  sub-stations  with  high-  - 
pressure    current    arc    two     conductor    concentric    cables,! 
insulated  with  impi-egnated  tibre  or  paper,  protected  from  j 
moisture  by  the  formation  of  a  Icail  tube,  at  great  pressure,  I 
round  the  outside  of    the     insulation    at    the    time    that  ' 
the  cable  is  manufactured ;  this  tube  is  further  protected 
by  a  covering  of  yarn  or  jute,  which  is  then  served  over 
with  two  continuous  tapes  of  steel  wound  on  spirally,  so 
that  the  outer  tape  overlaps  the  joint  of  the  inner  one. 
This  steel  sheathing  is  served  with  an  impregnated  braiding 
to  prevent  corrosion.     Such  cables  are  laid  direct  in  the 
ground  at  the  depth  of  about  ISin,,  pi-eferably  under  the 
footways.     They  are  then  covered  over  with  bricks,  simply 
an  a  caution  to  workmen  who  may  at  any  time  be  disturbing 
the  soil  in  the  neighbourhood 

2.  Direct  Ciui-cnt  at  600  Volta  for  Arc  Lig/ding.~Thc 
whole  of    the  street  arc-lighting  is  arranged  on  what  ia 
technically  known  as  the  multiple  series  system.     An 
lamp  such  as  is  used  in  Bristol  requires  a  current  of  aboat  J 
10  ampi^res  at  a  pressure  of  about  50  volts.     The  arc  lampS'  | 
are  arranged  in  circuit'),  twelve  lamps  being  placed  on  e 
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circuit,  A  cable  with  one  conductor  is  laid  up  to  the  firet 
lamp  on  the  circuit,  such  cable  beinji  supplied  with  10 
ampi5res  of  current  only  ;  the  whole  of  this  current  passes 
through  the  first  lamp  and  is  caiTied  by  an  extension  of  the 
cable  to  the  next  lamp,  through  which  it  ako  parses,  and  so 
on  till  it  has  passed  through  all  the  twelve  lamps  forming 
the  circuit ;  to  the  other  terminal  of  the  last  lamp  the 
retuiTi  cable  is  connected.  Since  each  lamp  requires  a 
pressure  of  about  50  volts,  and  the  cable  is  supplied  at  a 
pressure  of  GOO  volts,  the  twelve  lamps  thus  absorb  the 
whole  of  the  energy  delivered  to  this  cable.  The  first 
ninety-six  street  arc  lamps  erected  in  Bristol  were  on  this 
system. 

In  the  later  extensions  of  arc  lighting  the  system 
has  been  slightly  revised,  inasmuch  as  two-wire  concentric 
cables  have  been  used  to  supply  the  circuits,  these  being  in 
some  instances  fed  by  six  conductor  cables,  ^,  for  instance, 
at  the  Victoria  Rooms  distributing  station. 

The  arc  lamps  are  all  of  the  Brockie  Pell  type,  the  older 
lamps  having  top  and  bottom  carbons  of  the  same  diameter- 
There  are  two  pairs  of  carbons  in  each  lamp,  such  being 
necessary  to  allow  of  the  lamp  burning  throughout  the 
whole  of  a  winter  night  without  being  re-carboned.  When 
the  required  hours  of  burning  are  less  than  in  mid-winter 
the  short  lengths  of  carbon  which  are  often  left  over  are 
inaeiied  in  that  side  of  the  lamp  which  first  comes  into 
operation,  so  that  these  lengths  may  be  burnt  up;  after 
which  that  side  of  the  lamp  "  cuts  out,"  and  the  side  con- 
taining the  other  carbons  automatically  comes  into  opera- 
tion. At  the  moment  of  change  over,  and  for  a  short  while 
afterwards,  until  the  new  carbons  have  become  incandescent 
and  burnt  to  their  proper  shape  at  the  points,  the  lighting 
is  liable  to  be  somewhat  erratic,  as  is  the  case  immediately 
aiter  the  lamps  are  lirst  lighted. 

3.  Direct  Current  on  the  Tkree-ttiire  System  at  250  or  500 
Volts  for  Motor  Power. — Since  numerous  applications  were 
received  for  electricity  for  driving  machinery  in  different 
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parbi  of  the  city,  it  was  tleemed  advisable  to  inaugiirate  afl 
supply  of  direct  current  for  such  purposes,  since  directs 
current  motors  are  more  suitable  foi'  driving  some  clashes  o 
machinery  than  those  supplied  with  alternating  cnrri'ntLl 
Mains  for  supplying  this  class  of  energy  have  been  laid  in 
the  principal  manufacturing  districts  in  the  centra!  portions 
of  the  eity,  and  are  being  also  extended  to  some  of  the  out- 
lying districts  Bn  the  demand  arises. 

Some  of  the  advantages  of  motor  driving  for  machinerj*fl 
in  factories  may  be  summarised  as  follows  : — (1)  Saving  inl 
cost  of  power.  (2)  Flexibility  of  the  system.  (3)  Increase^fl 
output  at  the  same  or  less  cost.  (4)  Greater  immunity  from  ■ 
serious  breakdown. 

1.  Saving  vn  Cast  of  Power. — In  considering  the  question  1 
of  the  electric  driving  of  machinery,  the  saving  in  coat  of  I 
power  is  too  often  looked  upon  as  the  only  advantage  to  hefl 
gained,  and  is  treated  lightly,  because   the  whole  cost  of| 
power  in  a  manufactoiy  often  forms  a  very  small  proportioi 
of  the  total  cost  of  production.     It  must,  however,  in  suchi 
instances,  be  evident  that  if  advantages  are  gained  under] 
other  heads  leading  to  a  substantial  increase  of  output  and-l 
diminished  cost  of  production,  they  are  of  much  greater] 
importance  than  the  saving  in  cost  of  power.     Owing  to  tha  | 
great  diversity  in  the  ari-angement  of  different  factories,  it  ii 
impossible   to  lay  down  any  fixed  laws  by  which  saving] 
can  be  effected  under  the  above  heading.     In  the  case  of  »■ 
large,  well-arranged,  one-storey  factory  with  one  engine  of  1 
economical  design,  suitably  placed  for  driving  several  main 
lines  of  shafting,  the  actual  saving  in  coat,  though  consider- 
able, will  not  be  so  great  as  in  a  factory  extended  from  time 
to  time,   consisting  of   two   or   wore   storeys   or  separatfl 
buildings,  each  having  one  or  more  small  and  less  economic! ' 
engines    supplied    with    steam,    either    by    long    lengthiJ 
of    steam    piping    from    a    central    boilei-   plant  or  froia 
separate     boiler     plant    with     con^espondingly     deci'et 
efficiency. 

The  saving  to  bo  effected  in  the  cost  of  power  may  b^fl 
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considcretl  under  four  heot-ls: — («)  Cost  of  power  produc- 
tion. Qi)  Distribution,  (f)  Slaintenance,  rcpaii's  and 
attendance,     (rf)  Intermitteut  workiuf;. 

{'/)  In  the  majority  of  factories  (particularly  is  this  so  in 
small  ones)  the  cost  of  power  production  is  very  consiflerable, 
owing  to  the  impossibility  of  obtaining  small  engines  which 
are  economical  in  their  working,  and  which,  due  to  the  lack 
of  skilled  attention,  arc  allowed  to  become  yet  Icsa  cHicicnt 
as  time  passes.  If  an  engine  is  allowed  to  work  witlioiit 
periodical  "  indicating "  and  careful  examination,  its 
efficiency  may  fall  considei-ably  without  such  becoming 
apparent,  whereaiS  in  the  case  of  an  electric  motor,  the 
efficiency  cannot  fall  or  change  in  any  way  after  it  is  once 
in  proper  working  condition, 

(h)  In  order  to  appreciate  the  saving  under  the  head  of 
distribution,  it  is  necessary  to  consider  the  circumstances  in 
each  individual  case.  With  a  sy,stem  of  steam  driving, 
loifses  occur  due  to  radiation  from  the  steam  pipes,  energy 
absorbed  in  shafting,  Vielting,  bevel  or  worm  gear, 
&C.;  such  losses  are  practically  constant  at  all  loads,  and 
bear  a  very  much  higher  percentage  to  the  useful  power 
when  only  partial  load  is  on  the  plant.  All  these  losses, 
with  the  exception  of  the  loss  due  to  radiation  from  the 
steam  pipes,  are  common  to  gas-driven  plant.  In  the  ca.so 
of  an  electrical  system  the  distribution  by  means  of  cables 
and  wires  takes  the  place  of  the  steam  pipes,  niaiji  belta, 
main  shafts  and  gear,  perhaps  leaving  in  some  few  cases 
short  length.s  of  shaft.  In  the  majority  of  instances  the 
motor  can  be  directly  coupled  to  the  machine  to  be  driven, 
thus  entirely  obviating  the  necessity  for  any  shafting. 
The  losses  in  wires  and  cables  at  top  load  are  exceedingly 
small  in  a  well-designed  system;  at  times,  other  than  the 
maximum  load,  the  losses  are  practically  negligible  even 
should  the  system  be  indifferently  arranged.  The  saving 
to  be  obtained  by  electric  driving  under  this  bead  alone 
will  probably  be  fully  .5  to  10  per  cent.,  at  full  load,  over  a 
carefully-designed  steam  plant,  and  has  proved  to  be  much 
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Ejroater  at   lower    loaJs.      Inilced,  in   Bome   instances,  the 
saving  has  amountecl  to  GO  oi-  70  per  cent. 

(c)  There  is  a  saving  in  maintenance,  repairs  and  attend- 
ance, owing  to  the  greatly  diminished  quantity  of  shafting, 
belting,  and  the  ahsence  of  steam  joints.  Since  the  action 
of  a  motor  ia  entirely  a  rotary  one,  the  wear  is  prac- 
tically nil,  there  being  no  reciprocating  parts  or  even 
rubbing  surfaces,  other  than  the  two  bearings  and  the 
brushes.  The  commutator  is  the  only  part  of  the  motor  tliat 
requires  more  than  casual  attention,  butif  due  care  is  taken 
to  keep  it  clean  and  the  brushes  are  properly  set,  no  trouble 
is  experienced,  tlie  whole  work  of  examining  and  setting  the 
brush  gear  may  be  easily  carried  out  by  one  man  in  lialf 
an  hour  in  the  ca-se  of  a  large  motor,  or  in  less  time  in  that 
of  a  small  one.     The  lubrication  is  automatic. 

(t/)  The  rapidity  and  ease  with  which  an  electric  motor 
is  started  and  stopped,  results  in  a  very  great  diminution 
in  the  amount  of  energy  used,  since  each  motor  will  be 
stopped  the  instant  the  machinery  driven  by  it  is  idle, 
and  will  ccaao  to  absorb  energy  imtil  such  machine  is 
again  required.  The  change  over  from  steam  to  electncal 
driving  can  be  effected  by  such  stages  as  will  allow  the 
work  of  a  factoiy  to  proceed  practically  without  inter- 
ruption, and  wilt  also  allow  of  a  thoraugh  practical  trial  of 
the  newer  system  of  driving,  under  working  conditions 
without  a  change  of  the  entire  system. 

2.  Flexibility  of  the  Syatevi. — The  use  of  separate  motors 
for  large  machines  or  for  groups  of  smalt  machines  enable 
these  latter  to  be  placed  in  the  most  suitable  positions 
for  the  convenient  handling  of  the  material  to  be  worked, 
irrespective  of  the  position  or  direction  of  the  line  shafts. 
The  advantages  to  be  gained  by  the  use  of  portable  or 
semi-portable  machines  is  very  great,  it  often  being  more 
convenient  to  take  a  machine  to  its  work  rather  than  move 
the  material  to  the  machine.  A  great  range  of  speed  can 
can  be  obtained  economically  by  a  suitable  means  i 
control. 
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Tlie  flexibility  of  the  system  is  also  a  great  advantage 
in  ease  of  extenaioas  to  the  works,  more  especially  when 
the  Hupply  of  power  is  obtained  from  an  independent 
source,  such  as  a  Municipal  Electricity  Department,  in 
which  case  no  anxiety  need  be  felt  with  regard 
to  an  increase  of  generating  plant,  with  its  attendant 
capital  outlay  rendered  necessary  by  an  increased 
demand, 

3.  Increased  Output  at  the  Same  or  Leas  Coat. — It  is 
more  difficult  to  appreciate  the  manner  in  which  an  increased 
output  ma)'  be  obtained,  but  there  has  been  considerable 
testimony  by  those  who  have  adopted  the  system ;  not 
only  has  there  resulted  an  increased  output,  but  also  a  very 
important  reduction  in  cost  of  labour  in  the  handling  of 
materials,  due  to  the  better  arrangement  of  the  original 
machinery  and  the  utilisation  of  the  space  rendered  vacant 
by  the  greater  compactness  of  the  plant.  Such  economy  of 
space  is  considerable  and  important,  especially  where  exten- 
sions of  premises  cannot  be  obtained. 

As  motor-driven  machinery  may  he  fixed  in  the  meet 
convenient  positions,  irrespective  of  the  direction  or  speed 
of  running,  it  is  found  that  machinery  can  be  better 
arranged,  as  regards  economy  of  space,  and  in  such  a 
manner  that  the  rehandling  of  materials  is  reduced  to  a 
minimum,  whilst  the  absence  of  overhead  shafting  and 
belting,  and  of  heavy  timbering  for  carrying  the  same, 
allows  of  much  better  lighting  and  cleanliness  generally,  as 
well  as  freer  space  for  the  removal  of  bulky  articles  from 
one  place  to  another.  The  floor  space,  which  imder  other 
circumstances  would  bo  required  for,  say,  a  steam  engine, 
may  accommodate  other  plant,  thus  directly  bringing 
about,  though  perhaps  in  a  lesser  degree,  the  increased 
output  which  would    indirectly  result    from    the    above 


I 


k  Oreater  Im/mvimty  from,  Serious  Breakdovm. — 
Immunity  from  breakdown  is  of  great  importance,  since 
heavy  loss  and  inconvenience  occur  should  a  large  portion 
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or  tlie  wlioio  of  a  "works"  be  stopped  owin*,'  to  a  break-, 
down  of  the  main  engine.  Thia  risk  is  greatly  minimised 
by  the  use  of  independent  motors ;  in  the  event  of  a 
breakdown  occurring  on  one,  it  only  causes  a  stoppage  of 
that  portion  of  the  plant  which  it  drives.  Such  a  motor 
may  be  replaced  temporarily  or  otherwise  at  short  notice. 
In  practically  every  ca.se  the  plant  used  by  the  Corporation 
for  supplying  energy  is  in  duplicate;  in  self-contained 
factories  the  piv3vision  of  ample  spare  engine  power  entails 
a  large  capital  expenditure  and  the  occupation  of  valuable 
space,  which  might  1«  more  advantageously  dealt  with. 
Great  care  should  be  exercised  in  the  arrangement  of  motors 
for  driving  a  factory,  as  the  choice  of  a  system  with  single 
motors  driving  separate  machines  or  of  group  driving,  that 
is-  to  say,  the  dnving  of  a  few  machines  in  immediate 
proximity  by  each  motor,  will  depend  upon  individual  cir- 
cumstances. The  cost  of  small  motors  (per  horse-power  of 
output)  is  considerably  greater  than  that  of  lai^er  motors, 
and  their  efBciency  is  not  so  high,  yet  it  often  happens  that, 
for  intermittent  work,  the  installation  of  i^uiall  motors  is 
the  more  economical  in  the  end.  In  most  cases  economy 
will  result  from  the  conversion  to  electric  driving  in  any 
existing  factory,  whilst  in  the  airangement  of  many 
factories  electric  driving  will  be  found  to  bring 
about  moat,  if  not  all,  of  the  advantages  above  enu- 
merated. 

Progress  of  tlie  Undeiiaking. — An  indication  of  the 
progress  of  the  imdertaking,  and  at  the  same  time  showing 
that  the  rate  of  progress  is  in  no  way  diminishing,  is  shown 
by  Table  LXIX.  It  will  bo  noted  that  the  increa.se  in  the 
number  of  lamps  connected  has  been  greater  during  the 
year  1900-1  than  in  any  previous  year,  the  additions 
amounting  to  21,799  lamps,  the  greatest  number  added 
hitherto  having  been  17,801  lamps,  and  for  the  current 
year  this  maximum  rate  of  increase  was  nearly 
maintained,  being  19,400.  The  above  figures  apply  to 
lighting  alone.     As  there  arc  many  districts  in  which  the 
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mairiK  have  not  yet  been  laid,  it  may  be  hoped  with  con- 
fidence that  the  rate  of  progress  will  be  maintained  for 
many  years  to  come,  more  especially  since  the  use  of  electric 
rat'iators  has  quite  recently  como  veiy  much  to  the  fore- 
The  most  rapid  progress,  however,  is  noticeable  in  connection 
■with  the  motor  load.  During  the  first  few  years  the  prices 
charged  for  current  used  for  motors  were  excessive,  and 
retarded  the  progress,  but  the  chaises  are  now  exceedingly 
low,  as  may  be  gathered  from  the  rapidity  with  which  the 
demand  is  now  increasing. 

The  schedules  of  the  terms  upon  which  electricity  is  sup- 
plied under  different  conditioas  are  given  in  Tables  LXXJ.  and 
LXXII.  Since  one  of  the  greatest  factors  in  the  cost  of  sup- 
plying electricity  is  that  of  meeting  the  capital  expenditure, 
special  terms  have  been  arranged  to  give  a  preference  to 
those  consumers  who  use  the  energy  during  times  when 
the  machinery  Is  not  taxed  to  its  greatest  extent,  as  the 
revenue  from  such  is  not  attended  by  any  increase  of  capital 
for  additional  machinery.  Lighting  consumei-a,  who  use 
the  energy  during  hours  of  daylight  or  after  midnight, 
may  obtain  that  energy  at  a  cheaper  rate  than  those  who 
use  it  only  after  sunset. 

Consumers,  using  electrical  energy  for  motors  or  heating 
apparata  are  also  supplied  at  specially  low  rates,  since 
their  use  of  the  energy  is  quite  iiTespective  of  the  hours  of 
darkness.  Their  demand  is  spreatl  over  many  hours  per 
day,  commencing  about  G  a.m.  and  extending  to  .5  p,m.  or 
6  p.m.  and  even  later  throughout  the  whole  year.  The 
plant  for  generating  such  energy  is  therefore  earning 
revenue  during  8,  10,  or  even  12  hours  per  day,  whereas, 
when  supplying  light  alone,  the  demand,  when  averaged,^ 
only  amounts  to  about  two  hours  per  day  throughout  th4V 
whole  year. 

The  charge  for  current  tor  power  and  heating  purposes 
was  i-euuced  to  l^d,  per  imit,  less  discount,  on  October  Ist, 
lUOO,  since  when  the  additional  connections  and  application^, 
for  power  have  become  very  numerous. 
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The  following  table  shows  briefly  the  rate  of  progress : — 


Tablb  LXX. 

Date. 
March  25th,  1898 

Horse-power  of  motort 

on 
coDsomer's  promisee. 

19 

)  1                                XOvv  ...            ...            *••             •«•             ••• 

60 

)l                         X«7\A/...          •••          •••          •••          ••• 

Ill 

II                 JLvUX...       *•«       *••       •••       ••• 

877 

February,  1902     

719 

In  addition  to  the  above,  applications  have  l>cen  received 
for  supply  to  460  horse-power  of  machinery,  which  will  be 
connected  up  within  the  next  month  or  two,  bringing  up 
the  total  to  1179  horse-power. 

Lighting  Rates. — For  electricity  consumed  between  mid- 
night and  one  hour  before  sunset,  3^d.  per  B.O.T.  unit*  ; 
for  electricity  consumed  at  other  hours,  5d.  per  unit.  Both 
rates  subject  to  the  following  scale  of  discounts  if  payment 
is  made  within  twenty-one  days  after  the  accounts  are 
rendered : — 


•  •  •        •  •  • 


•  •  •        •  •  • 


Tablb  LXXI. 

In  Jane  and  September 
qoAfters.  on  aoconnti  of 
not  less  than  the  follow- 
ing amounts. 

£    s.    d. 

Disoounts. 
Percent. 

...            O      D      O       

.     ...       6 

...       16  18    4     

.     ...     10 

...       41  18    4     

.     ...     16 

...       88    6    8     

.     ...     20 

...     166  18    4     

...     26 

...     208    6    8     

.     ...     27i 

...    260    0    0    

...     80 

In  March  and  December 
qoarters,  on  aoconnts  of 
not  less  than  the  follow- 
ing amounts. 

£    8.  d. 

16  18  4     ... 

88     6  8 

88  6  8 

166  18  4 

888  6  8 

416  18  4 

500  0  0 


Customers  consuming  current  at  two  or  more  premiscu 
are  allowed  the  rate  of  discount  for  the  aggregate  amount 
of  their  lighting  accounts. 

*  This  rate  of  oharge  is  only  applicable  where  the  oonsnmer  hires  a 
special  appliance,  at  the  rate  of  5fl.  per  quarter,  which  appliance,  by  its 
automatic  action,  enaUee  the  current  to  be  changed  for  at  the  reduced 
rate  during  the  prescribed  hours. 
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Bates  for  Potver  and  Beating  Purposes. — l|d.  per  unit, 
subject  to  the  following  scale  of  discounts,  if  payment  be 
made  within  twenty  -  one  days  after  the  account  is 
rendered : — 


Table  LXXII. 

Amoant  of  qoarterly  aooount. 

Rita  of  diiooaiii. 

£. 

Ptooeni. 

Not  less  than    25      

2 

50      ... 

•  •  • 

2i 

75      ... 

•  •  • 

...       H 

100      ... 

•  •    • 

5 

125       ... 

■  •  • 

6 

150      ... 

■  •  • 

H 

160       ... 

k  ■  ■ 

8 

170       ... 

1  •  • 

8i 

180      ... 

»  •  • 

9 

190       ... 

1  •  • 

n 

200       ... 

k  •  •                1 

10 

220      ...     . 

•  •             1 

101 

240      ...     . 

•  •               a 

11 

260      ...     . 

•  •            a 

Hi 

280       ...     . 

•   •                   4 

12 

300      ...     . 

■  •                g 

121 

320       ...     . 

•  •             1 

18 

840       ...     . 

•  •               a 

181 

860       ...     . 

•  •              « 

14 

380       ...     . 

•  •              • 

141 

400       ...     . 

•  •                • 

15 

„             500       ...     . 

•  •                • 

171 

600      ...     . 

•  •                • 

20 

Nonii* 

iGH-/ 

IM. 

Duiing  the  past  seven  years  a  stnking  development  of 
the  Nottingham  electricity  works  has  taken  place.  The 
original  station  has  been  doubled  in  size,  and  filled  with 
plant  having  a  capacity  of  1600  kilowatts,  while  the  pres- 
sure of  supply  has  been  raised  to  200  volts ;  a  new  building 
has  been  added  with  a  capacity  of  4000  kilowatts,  the  whole 
of  which  is  either  installed  or  in  course  of  delivery,  and 
an  entirely  new  station  is  about  to  \ye  erected,  having  a 
capacity  of  more  than  10,000  kilowatts. 
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The  older  pwrtion  of  the  station  consists  of  a  boiler-house 
lOOft.  long  by  47ft.  wide,  containing  eight  Lanca-shiie 
boilers  by  Edwin  Datiks  and  Co.  (Oldbury),  Limited,  and 
nn  engine-room  80ft.  by  -tOft.  containing  1-1  Siemens- 
Wlllans  steam  dynamos  of  sizes  from  50  to  250  kilowatts. 
The  ilynamoH  are  of  the  two-pole  drum  type,  with  smooth- 
core  armatures,  and  the  engines  are  of  Messrs.  Willans  and 
Robinson's  standard  patterns,  the  whole  being  chai'acteristic 
of  station  practice  prior  to  the  introduction  of  large  units. 
Tlicre  is  a  three-wire  switchboard  at  each  end  of  the 
engine-room,  both  being  connected  together  and  to  tlie 
lighting  switchboard  in  the  new  engine-room. 

The  steam  range  forms  a  ring  main,  and  is  connected 
with  the  range  in  the  new  building. 

The  dynamos  are  all  of  Messrs,  Siemens  Bros,'  multi- 
polar type,  driven  by  Willans  three-crank  compound  engines ; 
six  sets  are  in  full  running  order,  one  is  now  in  course 
of  erection,  and  two  more  are  due  for  delivery.  The 
tirst  four  seta  installed  are  intended  solely  for  light  and 
power  service.  The  engines  are  of  Messrs.  Willans  and 
Robinson's  standard  3S  type,  compound  non-condensing, 
and  run  at  a  speed  of  300  revolutions  per  minute,  with  a 
steam  pressure  of  ICO  lb,  per  square  incli.  They  are  con- 
trolled by  throttle  governors, and  driven  direct  from  the  shaft. 
The  dynamos  are  8-polar,  the  field-magnets  being  of  steel, 
cast  in  two  parts  with  the  division  on  the  horizontal 
diameter.  The  magnet  cores  are  cast  with  the  frame,  and 
are  circular  in  section ;  they  are  shunt  wound,  and  the  polar 
extensions  are  bolted  to  the  plane  ends  of  the  cores.  The 
edges  of  the  pole  tips  are  double  wedge-shaped,  so  that  the 
polar  arc  is  somewhat  greater  at  the  middle  of  the  armature 
than  at  either  end. 

The  armature  has  a  toothed  core,  with  a  massive  commu- 
tator, and  weighs  about  9  tons;  this  mass,  revolving  at  30O 
revolutions  per  minute,  renders  a  fly-wheel  superfluous,  its 
place  being  taken  by  a  comparatively  light  beating  wheel, 
which  is  combined  with  the  flange  coupling. 
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The  commutator  end  bearing  is  provided  witli  two  oU'l 
rings,  as  well  as  an  oil  way  for  extra  lubrication. 

The  brushes  are  of  carbon,  so  mounted  that  each  set  t 
lie  luised  from  the  commutator  en  bloc  by  means  of  a  lever,^ 
and  any  one  liruah  can  rijadily  be  replaced  or  adjusted  ;  thel 
bniah-holder  carrier  ring  is  supported  on  ^ix  rollei'S  carried! 
by  the  magnet  frame,  and  is  rotated  with  a  tangent  screw.  I 
The  machines  run  without  sparking  at  loads  much  beyond  I 
their  rated  current,  and  have  given  great  satisfaction  in  all  I 
respecta.  Their  normal  output  is  875  amperes  at  400 —  I 
+60  volts,  but  they  are  frequently  run  at  SloO  amperes,  430 1 
volts. 

The  shunt  rheostat  is  mounted  at  the  side  of  the  machine,  j 
and   is   furnished   with  two  step   switches,   one  for   largal 
variations  of  resistance,  the  other  for  the  finer  adjustment 
so  as  to  obtain  a  wide  range  with  veiy  small  steps. 

The  main  terminals  of  the  machine  are  situated  at  thel 
lowest  point  of  the  frame,  and  are  boxed  in;  a  short  etair-j 
■way  on  each  sides  provides  access  to  them  and  to  the  under*  J 
side  of  the  commutator. 

From  the  generators,  cables  are  taken  through  ducts  to  i 
subway  which  runs  along  the  whole  length  of  the  engine 
room,  and  thence  to  the  lighting  switchboard. 

The  lighting   switchboard   consists    of  five    panels 
enamelled  slate,  fitted  with  apparatus  for  controlling  sixV 
feeders  and  six  dynamos  on  the  three-wire  system.     There 
arc  three  bus  bars  traversing  the  whole  length  of  the  back 
of  the  board,     Two  of  these  are  connected  respectively  witl 
the  two  switchboards  in  the  other  engine-room,  so  that  it  is 
possible    to    ii>aintain    three    different    station    pressure 
shoul*!   this  be   necessary,  or  to   run   all  the  dynamos  in 
parallel.     Each  thiee-wire  feeder  has  a  050  ampere  meter 
and  tlupiex   fuse  on  each   pole,  and  is  connected    with   a 
vertical  plug  bar  on  each  side  of  the  system ;  the  niiddlej 
wire  is  coupled  to  the   neutral  bar  through  a  300-amp< 
meter  and  fuse,     Each  dynamo  is  in  circuit  with  a  120( 
ampere  meter,  minimum  current  cut-out  and  fuse,  and  ia] 
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coupled  to  +  and  —  vertical  plug  bars.  There  are  alao 
two  riynamo  voltmeters  of  the  Weston  pattern,  and  on  the 
centre  panel  are  three  voltmeter  plug  boards,  an  earth-wire 
hwitch  and  fuse,  and  earth  cuiTent  ammeter.  Above  the 
iKmrd  are  two  station  voltmeters  reading  to  275  volte.  The 
dynamo  cables  are  brought  directly  up  the  back  of  the 
board,  while  the  feeders  yaim  up  the  opposite  side  of  a 
subway,  overheati,  and  down  the  board  to  their  teiminals, 
so  that  a  clear  passage  is  left  Ijehind  the  switchboard. 

The  whole  of  this  apparatus,  with  the  exception  of  the 
two  voltmeters  mentioned  above,  is  of  Messi-s,  Siemens 
Bros,'  make.     The  instruments  are  of  the  moving  roil  type. 

No  provision  is  made  on  this  board  for  balancing,  &s 
is  done  on  the  older  boards. 

The  feeders  and  distributing  cables  are  all  of  Mcftsrs. 
Callender's  manufacture,  the  earlier  ones  insulated  with 
bitumen  and  drawn  into  bitumen  casing,  while  some  of  the 
later  ones  are  annoured  and  laid  direct.  No  failures  have 
occurred  on  any  of  the  cables  during  the  six  years  that  the 
station  has  been  in  operation,  with  the  exception  of  those 
caused  by  external  injury. 

The  distributing  network  is  abundantly  provided  with 
disconnecting  boxes,  also  of  Messrs,  Callender's  make. 

During  the  summer  of  1890  the  system  wa.s  changed 
over  to  200  +  200  volts.  Practically  no  trouble  was 
experienced  with  objecting  consumers,  though,  a-s  in  all  such 
cases,  some  little  difficulty  was  occasioned  by  the  lack  of  a 
satisfactoiy  200-volt  arc  lamp. 

There  are  now  over  1500  consumer,  with  a  connection 
equivalent  to  127,000  8-candle  power  lamps,  in  addition  to 
a  total  motor  load  of  liOO  horse-power.  As  the  population 
of  Nottingham  is  upwards  of  250,000,  there  is  ample 
scope  for  future  development. 

The  tramway  generating  sets  are  generally  similar  to  the 
lighting  sets ;  the  engines,  however,  are  provided  with  auto- 
matic vai-iable  cut-off  governors  in  addition  to  the  throttle 
govemo:',  so  as  to  secure  the  maximum   of  efficiency  and 
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regularity  with  the  fluctuating  load  of  the  ttaiiiM-ajd 
The  dyDamos,  also,  are  conipoiinil  wound ;  tliia  is  m-aUjI 
accomplished  by  winding  a  .small  series  coil  on  each  lua^al 
core,  apart  from  the  shunt  coil,  and  joining  all  the  serifll 
coils  in  parallel  by  means  of  a  ring  of  light  copper  bars  i 
either  end  of  the  poles.  By  this  means  the  handliog  ( 
heavy  conductors  is  avoided. 

When  nine  cai"s  were  running  the  tachometer  showed  i 
variation  greater  than  five  revolutions  per  minute,  which  i 
lesM  than  2  per  cent.,  and  there  wa^i  no  other  indication  i 
load  on  the  iiiachinc.  The  econumy  in  floor  space  . 
foundationa  jidierent  to  the  high-speed  type  of  plant  nee»i 
no  demonstration. 

There  are  two  tramway  generating  sets  in  full  running 
oi-der,  and  a  third  is  now  in  course  of  erection. 

The  traction  switchboard  is  of  white  marble,  with   ten  _ 
panels,  and  provides  for  three  dynamos,  six  feeders,  and  th< 
Board  of  Trade  instruments.     Each  of  the  dynamo  panels 
is  equipped  with  a  large  automatic  ctreuit-breaker,  a  10 
ampere   meter,   main    positive   switch,  sliunt  switcli,  ancu 
rheostat.      Each  feeder  panel   bears  an  automatic  eircuiw 
breaker,  Elliott  recoi-ding  ammeter  reading  to  300  ampereaj 
single-pole  switch  and  fuse.     The  circuit  breakers  i 
simple  construction,  the  tripping  solenoid  in  the  dynai 
circuit  consisting   of  a  mere   kink    in   tlie   heavy   copper 
conductor;  the  circuit  is  broken  on  carbon  plates  witli  a 
long  break.     To  restore  the  circuit  after  a  cut-out,  a  long 
lever  is  provided,  extending  downwards   to   a  convenient 
position  for  handling,  and  the  breaker  can  be  tripped  at 
any  time  by  means  of  a  small  trigger.    The  fuses  in  the 
feeder  cireuita  consist  of  four  wires  in   parallel,  laid   inj 
grooves  in  a  slate  slab  about  1ft.  long. 

The   Board   of   Trade   panel   bears    the    usual    West* 
ammeters    for    earth    return    cuirent    and    leakage   t«at 
recording  earth  current  ammeter,  and  recording  voltmet* 
for  the  line  pressure  reading  from  3.i0  to  650  volts.     Th«raJ 
are  also  four  recording  voltmeters  for  the  drop  of  pressun 
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in  the  rails,  reading  to  10  volts.  The  indication  of  the  one 
at  present  in  use  averages  only  3  or  4  volts.  The  negative 
and  equaliser  switches  are  mounted  together  on  the  frames 
of  the  generators.  Behind  the  board  are  three  Siemens 
and  HaLske  watt-hour  meters  in  series  with  the 
dynamos. 

The  whole  of  the  switchboard,  with  the  exception  of  the 
recording  instruments,  was  manufactured  by  Messrs. 
Siemens  Bras,  and  Co. 

The  Author  is  indebted  to  the  General  Electric  Company 
(1900),  Limited,  for  the  following  illustrations  of  the 
Fulham,  Ilford,  and  Wigan  Electricity  Works.  The  descrip- 
tions of  the  two  former  are  condensed  by  permission  from 
veiy  full  accounts  of  those  works  which  appeared  in  the 
Electrical  lievieiu  of  February  loth  and  June  7th,  1901, 
respectively;  and  that  of  the  Wigan  works  from  the 
Electrical  Engineer  on  Februaiy  1st,  1901,  to  the  editors 
of  which  papers  the  author  desires  to  express  his  acknow- 
ledgments. 


Fulham. 

In  1895,  the  Borough  of  Fulham  appointed  Mr.  F.  H. 
Medhurst  to  report  as  to  the  erection  of  electricity  works 
combined  with  a  refuse  destructor,  and  in  accordance  with 
his  recommendations  it  was  decided  to  apply  for  an  electric 
lighting  Order,  which  was  obtained  in  1897,  and  in  1898 
Mr.  Medhurst  was  instructed  to  prepare  the  necessary  plans 
and  specifications  for  a  combined  scheme,  to  be  erected 
on  a  riverside  site,  which  the  Vestry  had  already 
acquired. 

In  view  of  the  growing  demand  throughout  the  country 
for  electric  light  and  power,  the  capacity  of  the  station  was 
increased  beyond  that  originally  proposed,  and  it  will  now 
supply  a  total  of  30,000  8-candle-power  lamps  connected  to 
the  mains,  exclusive  of  spare  plant. 


The  capital  outlay  amounts  to  over  £100,000,  tlia 
following  contracts  V.ieinj;  let  for  the  work  : — 

Buildings,  Cora  prising  destructor  house,  engine- 
room,  offices,  and  transformer  chambers,  also  a 
einall  building  for  public  disiaEecting  purposes, 
F.  G.  Minter,  Westminster     jE22,ifiO 

Befuse  destructor,  steam- raising  plant,  inclined 
roadway,  and  chimney  shaft,  HorsfaJl  Destructor 
CompaDy     16,760 

Qeaerating  plant,  including  steam  pipes,  condenaing 
plant,  mains,  &c.,  and  apparatus  for  the  above- 
mentioncd  disinfector  building,  General  Electric 
Company,  Limited,  of  London  and  Manchester  ...      46,000 

Ailditional  contracts  for  the  supply  of  coal-hanilliny 
plant,  meters,  well-sinking,  extra  foiin<1ations,  and  engineer- 
ing expense.^  increase  the  total  to  £108,000, 

The  general  arrangement  of  the  buildings  will  be  seen  in 
the  plan  shown  in  Fig.  200. 

Suljstantial  construction  and  due  provision  for  light  and 
ventilation  have  been  aimed  at,  with  considerable  success. 
Externally  the  buildings  are  of  red  brick.with  relieving  bands 
of  white  Suffolk  brick.  In  addition  to  the  usual  ofBces,  a 
testing-room  is  provided  on  the  first  floor,  and  on  the  ground 
floor  there  are  stores,  a  meter-testing  room,  workshops  for 
light  work  and  repaii-s,  water-softening  and  filtering 
room,  with  tlic  well-pump  driving  gear.  Beneath  this 
block  of  offices  is  also  the  pmnp-room,  both  the  latter 
i-ooms  being  reached  from  the  engine-room.  Access  to  the 
offices  is  from  outside. 

Tlio  destructor  and  boiler-house  is  a  lofty  building,  35ft. 
high  to  the  springing  of  the  roof,  137ft.  in  length,  and  87ft. 
wide.  It  contains  twelve  destructor  cells,  arranged  in  two 
gioupsof  six  each  on  either  side  of  six  Babcock  and  Wilcox 
boilers,  and  are  capable  of  efficiently  destroying  1 20  tons 
of  refuse  in  twenty-four  hours. 

Over  the  boiler-Hring  floor,  and  extending  from  end  to 
end  of  the  building,  is  the  tipping  floor,  which  is  an'anged 
to  allow  of  the  storage  of  a  considerable  quantity  of  refuse, 
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30  that  the  working  of  the  plant  may  be  continued  without 
inteiruption.  Access  to  the  tipping  Hoor  is  obtained  by 
means  of  an  inclined  roadway,  having  a  yradient  of  about 
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1  in  H,  at  the  foot  of  which  there  ia  a  weighbridge  and 
house. 

The  engineer  estimates  that  about  40,000  toa-i  of  refuse 
will  be  passed  through  the  destructor  per  annum,  and  places 
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its  calorific  value  at  one-twentieth  that  of  gooJ  steam  coal. 
The  Borough  Council,  therefore,  expects  to  save  the  cost  of 
2000  tons  of  coal  per  annum. 

A  gallery  runs  round  two  sides  of  the  room  and  caniea 
the  main  switchboards  and  a  switchboard  attendant's  office, 
space  being  left  at  one  end  of  the  room  foran  additional  engine 
anil  dynamo.  Two  entrances  to  the  destructor  housL-  are 
provided  from  the  engine-room,  one  from  the  gallery  and 
one  from  the  tloor,  and  these  are  carefully  protected  by 
double  doors  and  glazed  sci'eens  with  the  object  of  exclud- 
ing dust. 

The  steam  alternatore  are  three  in  number,  each  set  con- 
sisting of  a  two-ptiaso  generator  of  the  fly-wheel  type 
coupled  direct  to  a  horizontal  compound  condensing  engine. 
The  engines  are  of  ttiu  low-speed  Corliss  type,  made  by 
Messi-s.  J.  Musgrave  and  Sons,  Limited,  of  Bolton,  and  each 
is  capable  of  giving  450  brake  horse-power  when  supplied 
with  steam  at  a  pres-iure  of  130  lb.  per  square  inch  at  the 
engine  stop  valve,  and  with  a  vacuum  of  24in.  of  mercury 
in  the  exhaust  pipe. 

The  governor  is  capable  of  controlling  the  speed  of  the 
engine  within  3  per  cent,  from  no  load  to  full  load,  and  is 
provided  witli  means  of  adjustment  to  vary  the  speed  5  per 
cent,  about  the  mean  speed  whilst  running. 

The  thi-eo  two-phase  generators  were  constructed  by  the 
General  ElectricCompany,Limited,at  their  Manchester  works. 
Elach  generator  (Fig.  202)  is  capable  of  giving  a  noi-mal  out- 
put of  300  kilowatts,  each  of  the  two  sets  of  coils  being 
capable  of  giving  LW  kilowatts  at  all  pi-essui-es  from  2H00 
to  3000  volts  at  the  terminals  of  the  machines.  The 
machines  will  also  give  an  ovei-load  of  3S0  kilowatts  con- 
tinuously for  two  hours.  The  speed  is  937  revolutions  per 
minute,  and  the  frequency  oO  cycles  per  second. 

The  energy  stored  in  the  fly-wheel  when  running  at  its 
normal  speed  is  1 ,800,000  foot-pounds. 

The  field  magnet  poles  with  their  windings  are  fixed  on 
the  periphery  of  the  fly-wheel.     The  poles  are  laminated, 
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riveted  together,  and  fixed  to  the  fly-wheel  rim  by  means  of 
steel  wedges,  the  latter  being  securely  fastened  to  the  fly- 
wheel by  stroDg  bolts  passing  through  its  rim. 

Thert!  are  64  laminated  poles  on  each  fly-wheel,  wound 
with  round  copper  wire,  the  exciting  current  being  brought 
to  them  through  two  slip  rings.  The  diameter  over  the 
poles  is  about  1 4ft.  The  necessary  current  for  exciting  the 
fleld  coils  is  obtained  from  the  continuous- current  dynamos 
driven  by  high-speed  enginas  mentioned  below. 

On  the  inner  circumference  of  the  stationary  armature 
are  spaced  25G  slots  which  carry  the  copper  windings, 
Tlieae  windings  are  arranged  to  form  two  circuits,  one  for 
each  phase.  The  windings  of  the  one  circuit  have  straight 
ends,  whilst  those  for  the  other  circuit  have  bent  ends,  as  is 
the  usual  practice.  The  insulation  between  the  coils  and 
the  iron  frame  is  efficiently  effected  by  mica  tubes,  and  the 
coils  are  fastened  securely  in  the  slots  by  mean.s  of  strong 
fibre  wedges. 

The  four  ends  of  the  two  series  of  windings  are  brought 
out  to  terminals,  from  which  the  current  is  carried  to  the 
switchboard  for  distribution  to  the  various  circuits. 

There  are  three  continuous-current  dynamos  (Fig,  203), 
which  were  also  matle  by  the  Geneml  Electric  Company,  Ltd., 
for  exciting  and  other  purposes.  Each  is  capable  of  giving  an 
output  of  600  ampferes  at  100  to  110  volts,  at  a  speed  of 
460  revolutions  per  minute,  and  each  is  direct-coupled  on 
one  bed-plate  to  ahigh-speed  enclosed-type  compound  engine 
of  Messrs,  Musgrave's  make.  They  supply  not  only  the 
necessary  current  for  exciting  the  field  magnet  circuits  of 
the  three  large  generators,  but  also  the  various  electric 
motors  which  are  used  for  driving  the  conderLsing  plant, 
economisers,  and  stokers.  They  also  supply  the  necessary 
power  for  lighting  the  buildings  and  inclined  roadway  by 
arc  and  incandescent  lamps.  Either  of  the  three  dynamos 
is,  of  course,  far  more  than  capable  of  supplying  the  cuirent 
required  for  the  three  generators.  The  dynamos  are  shunt- 
wound,  having  four  poles  with  cast  steel  yokes,  whilst  the 
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armatures  are  of  the  slotted  type,  with  former-woui 
coils  pkcetl  in  the  slots.  The  commutator  is  built  up  a 
hard-drawTi  coppor,  fitted  with  carbon  brushes,  and  confora  ' 
to  the  usual  spcciflcation  as  to  temperature  and  fixed  ] 
tion  of  brushes. 

Three  Ferronti  rectifiers  of  the  latest  type  are  placed  j 
one  comer  of  the  room,  with  provbion  for  a  fourth, 
supplying  the  public  lighting  circuits.  The  switchboard  ] 
connection  with  these  is  fixed  on  the  wall  beside  the  i 
fiers.  It  is  arranged  for  three  circuits,  any  one  of  whig 
can  he  fed  fi'om  any  one  of  the  rectifiers. 

The  switchboard  {Fig.  204)  foi'  controlling  the  distributq 
circuits  and  alternators  is  fixed  on  a  gallery  10ft.  above  tfe 
floor  level,  so  as  to  enable  the  engineer  in  chai'ge  to  have  a  full 
view  of  the  machineiy  in  operation  below.  The  boanl, 
which  is  of  the  Ferranti  type,  is  divided  into  fifteen  panels 
six  of  which  are  allotted  to  the  generators,  six  to  the  feedei 
two  for  the  rectifies,  and  one  for  a  testing  circuit. 

The  low-pressure  boai-d,  which  is  also  on  the  gallery,  j 
provided  with  the  usual  instruments,  switches,  and  ahui 
regidators  for  the  three  OO-kilowatt  dynamos  above  ma 
tionod,  and  withswitches  and  fuses  for  controlling  the  varioq 
motors  in  the  building  and  the  lighting  of  the  station. 

All  the  principal   connections  between  the  switchboai^ 
and   machines  are  mn  beneath    the   floor   level,  and   ara 
rublier   insulated,   and,   in    the  case   of  the   high-pi-eesure 
cables,  lead-covered. 

With  the  exception  of  the  offices,  the  cables  for  statio 
lighting  arc  carried  in  water-tight  "Simplex"  steel  conduiuj 
There  are  six  distribution  lx>ards,  to  which  the  current  i 
trajismitted  from  the  works  lighting-lward,  which  is  pla< 
under  the  switchboard  galleiy  in  the  engine-room. 

The  cables  (or  public  and  private  lighting  purposes  wej 
supplied  by  the  British  Insulated  Wii-e  Company,  Limite 
and  are  concentric,  lead-covered,  yanied  outside,  and  conL 
pounded.    They  are  drawn  into  Doulton  conduits  undtf 
the  footpaths,  and  into  cast  iron  pipes  under  roadwaya. 
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road  cro.ssings,  )iowe\'cr,  wrought  iron  pipes,  emliedded  i 
concrete,  have  been  used,  special  reducing  pieces  of  Doulton 
ware  being  employed  for  giBdually  changing  the  shape  of 
the  ducts  from  the  square  t'orai  of  the  Doulton  conduit  to 
the  round  form  of  the  iron  pipes.  High -press  are  feeders 
for  both  phases  run  from  the  generating  station  to  the  sub- 
stations, where  the  pressure  is  reduced  from  2800  volts  to 
200  volts  by  stationary  transtormei-s ;  two-wire  (Kstributors 
radiate  from  the  sub-stations,  the  two  phases  being  run  on 
either  side  of  the  street.  The  two  phases  will  therefore  bo 
available  everywhere  where  power  is  required  for  motors. 

In  addition  to  the  above,  two  circuits  of  single  cable  run 
through  the  principal  streets  for  public  arc-lighting,  whid 
is  described  later  on. 

There  are  at  present  five  sub-stations,  each  of  which  c 
tains    two  50-kilowatt  transformers,  one    for   each  pha* 
The  high-pressure  windings  on  these  transformers  are  con- 
nected  up  to  the   feeders   through    quick  -  break    fly- off 
switches  and  fuses,  while  the  low-pressure  sides  are  coiL-A 
nectcd   up  to  the  distributors   through  removable   sprinfi 
contact  fuses. 

The  switching  arrangements,  as  well  as  the  transformei 
are  placed  in  water-tight  cases ;  all  ironwork  is  earthet 
and  a  CarJew  earthing  device  is  fitted  to  tach  transfonnoi 
Due  provision  has  been  made  tor  ventilating  the  aubl 
stations,  which  are  lighted  with  incandescent  Ismpt 
supplied  from  the  low-pressure  bars  in  the  switch  boxe^ 
The  chambers  are  all  lined  throughout  with  white  glazed 
bricks. 

With  the  exception  of  the  refuse  destructors  and  Bab- 
cock-Wilcox    boilers,    which     were    supplied    under    Unm 
Horsfall   Company's   contract,   and  the    artesian   well    b^l 
Messrs.     Potter     and     Co.     the     General     Electric    Com 
pany,  Limited,  as  contractors,  have  been  responsible  for  thftfl 
whole  of  the  machinery  and  plant  so  far  described. 

The   public   lighting  consists   of   eighty-six   arc   lamp 
carried  on  posts  of  ornamental  design  bearing  the  borooj 
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arniM,  and  run  in  two  circuits  with  about  half  the  numher 
on  each.  The  lamps  are  12-ainpfere  32-hour  douhle  carbon 
lamps  of  the  General  Electric  Company's  stanilarJ  type, 
fixed  about  25ft.  from  the  ground.  Brackets  are  also  pro- 
vided on  each  post  for  two  32  candle-power  incandescent 


lamps,  which  ari;  automatically  switched  on  wln.'n  tlic  arc 
lamps  are  .switched  off  or  fail, 

The  Edmunda  switch,  recently  re-designed  and  improved, 
is  employed  for  this  purpose,  and  is  fixed  in  the  base  of 
each  I  amp -post. 

The  lamps  are  supplied  with  current  through  the 
rectifiers  at  the  generating   station,  and   tho  two  circuits 
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have  been  so  arrauf^eil  that,  in  the  event   of   one   circtiilj 
failing,  the  street  lighting  would  only  bo  reduced  by  c 
half,  and  no  district  would  be  placed  in  darkness. 

Private  consumers  are  supplied  at  a  pressure  of  200  volta  _ 
while  for  motors  both  single-phase  and  two-phase  supplies 
are  provided. 

The  charge  for  lighting  purposes  is  5d.  per  unit,  and  for 
motive  power  2Jd.  per  unit  during  the  hours  of  dayligW 
No  meter  rent  will  be  charged. 

No  "  free  wiring  "  contract  has  been  entered  into,  but  1 
is  aatisfactory  to  note  that  the  number  of  applications  fa 
supply  already  amount  to  an  equivalent  of  some  lO.OT 
8  candle-power  lamps. 

The  writer  acknowledges  his  indebtedness  to  Mr.  M« 
hm-st  and  to  Mr.  R  F.  Feiguson,  chief  engineer  and  inanaj 
OS  also   to   the   various   contractors,   for   the    tDforntatidi 
embodied  in  the  foregoing  description. 
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The  Urban  District  Council  of  Ilford  has  for  some  tlfil 
past  been  engaged  upon  a  large  combined  electric  ligbtinvl 
and  traction  scheme,  for  which  Mr.  W.  C.  Hawtayno   has" 
acted  as  consulting  engineer,  Mr.  A.  H.  Sliaw,  A.M.T.E.E., 
being  the  resident  electrical  engineer.     The  lighting  part  of 
the   undertaking,  upon   which    some   £60,000   have   been 
expended,  is  now  completed. 

In  the  High-road  the  central  arc  lamp  steel  pillars  c 
the  trolley  crosa-arms.  The  necessary  switch  gear  for  thee 
column^  is  contained  in  the  cast  iron  liases.  Arc  lamp 
columns  are  also  in  position  iji  Cranbrook-road,  these  being 
of  cast  iron,  and  the  lamps  of  1600  candle-power.  In  all 
cases  the  aic  pillars  are  fitted  with  a  couple  of  incandescent 
lamps  for  switehing  on  at  midnight.  The  remaining  streets 
in  the  lighting  area  are  being  rapidly  provided  with  new  lamp 
columns,  equipped  with  incandescent  electric  lamps,  i 
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tli&sc   will    soon  render   the   old   gas   lanips   unneees.sary. 
About  30O  standards  have  been  erected,  and  36,000  yanU  I 
of  separate  cables  laid,  enabling  tbc  whole  of  the  lamps  to  I 
be  switched  ou  or  off  from  nine  special  pillars. 

The  position  of  the  generating  station  is  a  little 
over  a  mile  from  the  milway  station  and  the  central 
streets, 

A  very    large    plot   of    land    has    been  pm-chased    by 
thu  Council  in  ordt:r  to  accuininodate  lighting  titation,  csxM 
sheds,  workshops,  &ic.     The  buildings   were  designed   by 
Mr.  H.  Shaw,  the  surveyor  to  the  Council,  and  are  liglitl 
and  i-oomy.     Ample  space  i.s  left  in  the  engine  and  boilei^ 
houses    for    additional    machinery,   all    necessary    &afcty,jl 
isolating,  and  other   valves.      Superheaters    are   provided'! 
with  each  boiler  to  ensure  dry  steam  Iwing  supplied  to  the* 
engines.      There   are    two    feed-pumps,   eacli    capable 
supplying  2000  gallons  of  water  per  hour,  one  being  a  stcain  i 
pump  and  the  other  a  motor-driven  pump,  which  i«ji  bel 
worked  from  the  storage  battery  if  neces.sary.     In  the  iiiain.| 
Bue  leading  to  the  chimney  shaft,  a  Green's  economiser  u 
provided  for  raising  the  temperature  of  the  feed-water  b 
means  of  the  waste  gases   escaping  up   the    shaft.     Thei 
steam  pipes   are  of  lap-welded   mild   steel   with  wroughu 
steel  flanges,  and  the  exhaust  pipes  are  of  cast  iron. 
2000  gallons  wrought  iron  feed  tank  is  also  in  use,  and  t 
well  is  now  being  sunk  to  provide  the  whole  of  the  watal 
required  for  the  works. 

There  are  two  200-kilowatt  Byng-Hawkins  dynamos  and! 
one  100-kilowatt  ditto,  supplied  by  the  General  Electrio: 
Company,  Ltd.,  each  being  direct  coupled  to  Willans  enclos 
high-speed  engines  (Fig.  205).  The  large  seta  run  at  350 
revolutions  per  minute,  and  the  small  one  at  450  revolutions 
per  minute.  Each  is  capable  of  giving  an  emergency  load 
of  25  per  cent,  in  excess  of  the  normal  full  load  for  one 
hour.  In  view  of  the  running  of  electric  tramways  shortly, 
the  dynamos  are  designed  for  either  traction  or  lighting 
work.     It  is  likely  that  additional  sets  of  about  500  kilo>J 
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watU  will  be  installed  when  the  tramway  plant  in  put 
down. 

A  set  of  four  balancing  motor-generators  and  lioosterij, 
have  also  been  furnished  by  the  General  Electric 
Company,  Limited.  Their  object  is  to  raise  the  pres- 
sure of  the  principal  machines  for  charging  the  battery 
and  for  regulating  pressure  at  all  point«  on  the  supply 
mains.  Tlie  battciy  is  of  the  E.P.S.  type,  and  has  a  capacity 
of  600  ampere-haul's  when  discharged  at  the  rate  of 
200  amperes  for  three  hours. 

The  switchboard  was  designed  by  Messrs.  Kelvin  and  James 
White,  Limited,  and  is  built  up  iu  panels  of  polished  marble, 
and  provided  with  all  the  makers'  latest  iuiprovements  in 
nwitches,  cut-out,  and  regulating  gear,  and  also  a  complete 
set  of  instruments,  by  which  the  output  of  each  luochiiie 
and  the  load  on  all  paits  of  the  system  is  measui-cd  and 
lecordrd. 

The  15-ton  overhead  travelling  crane  erected  in  the 
engine -room  wa.s  made  by  the  Southgate  Engineering 
Company. 

The  feeder  cables  run  from  the  generating  station  out  to 
a  number  of  different  points,  and  at  the  distnbuting  points 
feeds  the  cables  at  the  supply  pressure,  which  is  230  volis 
at  consumers'  terminals.  Pilot  wires  are  laid  from  each 
feeding  point  to  the  station.  The  feeders,  distributoi-s,  and 
f;ervice  lines  were  all  supplied  by  Messrs.  W.  T.  Henley's 
Telegraph  Works  Company. 

TIic  feeder  cables  are  armoured  concentric  cables  laid 
liircct  in  tlic  ground  ;  the  distributing  cables  consist  of 
three  separate  cables  laid  in  a  wooden  trough  filled  in  with 
bitumen. 

The  service  cables  consist  of  two  or  tliree  cables 
Itound  together  annoured  and  laid  direct  in  the  ground. 
Coasiderable  additions  have  been  made  to  the  mains  first 
provided,  and  the  work  now  completed  or  contemplated 
includes  approximately  17,800  yarflsof  feeders,  17,800  yards 
of  pilot  wire,  and  30,000  yards  of  distributors. 
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The  history  of  the  electric  lighting  at  Wigan  goes  back^ 
to  1S90,  when  a  Provisional  Order  was  obtained  from  the  J 
Board  of  Trade.  As  was  the  eaae  in  a  number  of  Ordera'J 
granted  in  the  earlier  days,  the  town  was  anxious  to  keep  I 
the  matter  in  their  own  hands,  but  had  not  sufficient  con- 
fidence in  tlie  financial  prospects  of  municipal  electric  light-  I 
ing  to  carry  out  the  scheme  immediately  their  Order  waal 
obtained.  The  matter  was  considered  again  in  1896,  audi 
again  in  1897,  without  any  conclusion  being  come  to. 

In  1S99  Mr.  H.  CoUings  Bishop  was  appointed  to  thAI 
post  of  electrical  engineer,  and  promptly  drafted  a  schema^ 
for  which  powers  were  obtained  to  borrow  £.S 5,000,  and  tli» 
work  was  put  in  hand.  The  foundation  stone  of  tba-.l 
buildings  was  laid  on  January  4th,  1900,  and  the  workftl 
commenced  to  supply  on  Decenil>er  17th.  In  order,^ 
however,  to  get  together  a  certain  number  of  i 
a  small  temporary  plant  was  put  down,  wliich  supplied! 
*  some  2000  S-candle-power  lami)3  on  the  two-wire  system.J 
This  plant  was  put  to  work  by  Mr.  Bishop  in  DecemberJ 
18!)9,  and  it  has  done  much  to  enable  the  lai^er  works  U^ 
start  with  a  gooti  working  load.  The  lamps  were  changedj 
over  from  the  two  to  a  tliix-c-wirc  system  as  -soon  as  I 
permanent  works  were  completed. 

Engines  and  dynavios. — The  generating  plant  consists! 
of  four  engines   made  by  Messrs,  Willaas  and  Robinson,r 
while  the  dynamos  were  supplied  by  the  General  Electrii 
Company.     The  two  large  engines  are  of  the  Willan.-)  3-1 
tyi>e,  with  three  lines  of  cylinders  and  three  cranks  at  righn 
angles.     Each   of   these  engines  is  capable  of   devclopin 
336  horse-power  when  rumiing  at  a  speed  of  350  revoluJ 
tions  per  minute  with  160  lb.  of  steam  at  the  stop  valvi 
The  two  smaller  engines  indicate  240  horse-power  at  3W 
revolutions.     The   alwve  are  at  ordinaiy  full  load,  i 
engines   will    give    an    overload    of    10   per    cent.      Tin 
governors  are  of  the  automatic  expansion  type,  speciallji 


(.le.signed  to  enable  tlic  engines  to  respond  quickly  to  the 
changea  ot  load  due  to  the  tramways.  The  centrifugal 
governors  actuate  a  relay  which  quickly  moves  the  levers 
vai-ying  the  cut-off  in  each  line  of  cylinders. 

The  rlynamos  of  the  General  Electric  Company's  six-polo 
type  were  all  manufactured  in  their  Manchester  workshops. 
TJie  duty  of  the  larger  dynamos  is  420  ampferes  at  any 
voltage  from  460  to  500  on  lighting  load,  and  500  to  550 
volts,  300  amperes,  on  traction  load.  Tlie  smaller  sets  on 
lighting  load  are  made  for  4G0  to  500  volts,  300  ampercf, 
and  on  tiaction  load  500  to  ■"i.'jO  volts,  215  amperes.  These 
dynamos  can  be  overloaded  10  per  cent,  on  lighting  load 
and  25  per  cent,  on  traction  load.  The  machines  are  over- 
compoimiled  for  traction  work,  the  compounding  being  cut 
out  for  lighting  sen-ice.  The  magnet  frames  of  the 
generators  are  divided  on  the  horizontal  diameter,  and  tlio 
larger  sets  especially  have  very  light  fields  and  yokes,  much 
resembling  the  American  typo.  The  pole-pieces  and  field 
coils  are  of  cylindrical  shape.  The  armatures  are  ot  the 
Hy-wheel  type,  ot  large  diameter,  with  slotted  cores.  Tho 
carbon  brushes  can  be  retained  in  a  fixed  position,  and  run 
sparklessly  from  no  load  to  25  per  cent,  overload. 

Accumulators. — The  battery  was  manufactured  by  the 
Electrical  Power  Storage  Company,  Limited,  and  consists 
of  280  cells  in  wood  lead-lined  boxes,  each  cell  containing 
15  plates  erected  on  single-tier  stands,  and  is  capable  of 
discharging  at  75  amperes  for  ten  hours,  or  150  ampiires  for 
four  hour.s,  or  300  amperes  for  one  hour,  the  final  electro- 
motive force  at  the  end  of  any  of  these  discharges  not  to 
be  less  than  525  volts.  The  first  half  of  this  battery  was 
erected  in  a  temporary  battery  room,  but  it  has 
since  been  taken  to  the  permanent  electric  lighting 
station,  and  the  remaining  half  of  the  battery  ei-ected  with 
it.  There  are  two  floor  levels  in  the  accumulator- room. 
The  upper  floor,  which  is  only  partially  boarded  over,  is 
caiiied  on  iron  girders,  and  is  reached  by  a  staircase  from 
the  ground  fioor.     The  cables  to  these  accumulators  are  all 
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of  the  rubbei'-covered  type,  and  aro  laiil  in  wooden  caainj 
which  is  filled  up  with  bitumen.     This  gives  a  secure  pi"0-J 
tection  against  the  fumes  from  the  acid.     The  charging  otM 
the  battery  is  effected  on  somewhat  novel  lines.     The  pro-iT 
cedure  is  as  follows; — The  battery  is  put  acros.^  the  'bm 
bars,  and  the  number  of  cells  reduced  until  charging  t 
jilacR.     The   colls  so  cut  out  of  circuit  arc  charged  i 
pendently  by  a  small  motoi-driveu  dynamo. 

The  arrangement  of  the  subsidiary  electrical  appamtusij 
in  the  station  is  decidedly  novel.  Mi-.  Bishop  has! 
■  'iected  to  use  only  two-wire  feeders  throughout,  and  tol 
distribute  his  balancing  machines  in  varioua  parts  ofj 
thi!  network.  The  third  wire  of  the  system  is,  howevei 
brought  back  into  the  station,  and  two  of  these  balancinj 
luachiue.s  are  fixed  in  the  main  engiue-rooiu.  Anothe 
point  of  novelty  in  central  station  work  is  that  there  is  m 
provision  made  on  the  switchboard  for  supplying  dificrent 
voltages  to  different  feedei's.  Thus  there  is  only  a  pair  of 
lighting  'bus  bai-s — ie.,  one  positive  bar  and  one  negative 
bar.  In  order,  then,  to  be  able  to  run  at  a  connnon  voltage 
in  the  station  for  both  long  and  short  feeders,  provision  is 
uiade  for  inserting  boostei-s  m  the  feedere  which  go  to  the 
more  distant  parts  of  the  town.  The  balancing  machines 
are  of  the  General  Electric  Company's  standard  four-pole 
type,  with  a  single  field  magnet  and  a  double-wound  arma- 
ture. Each  aide  is  capable  of  transferiing  to  the  opposite 
side  of  the  three-wire  system  .50  amperes  at  230  volts.  It 
will  thus  lie  seen  that  each  of  the  balancers  can  compensate 
fur  100  amptres  on t-of- balance  current  in  the  system.  The 
machines  run  at  a  speed  of  1100  revolutions  per  minutt--. 
Seven  of  these  balancers  are  employed.  Two  of  these 
are  fixed  in  the  central  station,  while  ti^c  other  five 
are  placed  in  sub-stations  constructed  in  various  parts 
of  the  town.  The  boosters  are  placed  in  the  engine- 
room,  space  having  been  found  for  them  under  the 
switchboard  gallery,  The  dynamo  is  capable  of  passing 
a   current   of   500   volts,  and   of  adding  20  volts   to  the 
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electromotive  force.  The  dynamo  armature  is  duplex 
wound — that  is  to  say,  there  are  two  distinct  windings  in 
parallel.  This  construction  does  much  to  enable  the 
machine  to  run  smoothly  in  spite  of  heavy  currents  being 
passed  through  its  armature  while  the  field  is  only  a  little 
excited.  The  field  magnets  of  this  booster  dynamo  are 
wound  with  a  heavy  conductor,  through  which  the  current 
to  the  feeder  passes.  In  this  way  the  electromotive  force 
added  is  practically  proportional  to  the  current  in  the 
feeder,  and  also  to  the  drop  in  the  feeder.  The  regulation 
of  the  boosting  is  arranged  for  by  inserting  a  low-resistance 
shunt  across  the  terminals  of  the  field  winding.  The  switch 
gear  for  introducing  the  booster  dynamo  into  a  feeder 
circuit  is  a  most  ingenious  one,  and  v/&s  designed  for  the 
purpose  by  the  General  Electric  Cunipany.  It  is  so 
arranged  that  a  series  of  resistances  acros,^  the  field-mag- 
net winding  that  the  armature  is  cut  into  the  feeder 
circuit  when  it  is  generating  only  about  two  volts.  The 
resi.'^tance  is  then  increased  until  the  reqiiiretl  boosting 
voltage  for  the  current  going  through  the  booster  is 
obtained.  The  machine  is  then  practically  automatic,  but 
it  can  be  further  regulated  by  altering  the  resistance  in  the 
shunt  in  the  driving  motor.  This  motor  is  supplied  at 
460  volts  from  the  lighting  'bus  bars,  and  its  normal  speed 
is  000  revolutions  per  minute.  On  trial  it  was  found  that 
this  10-kilowatt  motor-driven  booster  had  a  combined 
efficiency  of  74  per  cent. 

Maiiis. — All  the  cables,  both  for  the  feeders  and  dis- 
tributors which  were  used  at  Wigan,  were  supplied  by 
Measrs.  W.  T,  Glover  and  Co.,  of  Manchester.  Five  feeders 
are  at  present  laid,  each  consisting  of  a  concentric  cable 
with  a  Jin,  section  of  copper  in  each  conductor.  The  three- 
wire  distributing  system  for  the  lighting  and  power  circuits 
consists  of  three  conductors  with  sectional  areas  respectively 
of  %  i,  and  "2  square  inch,  the  whole  of  which,  for  both 
lighting  and  traction,  and  also  the  distributors,  are  drawn 
into  earthenware  conduits  of  the  Boulton  type. 
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From  various  points  on  the  system  three-core  pilot  wiresa 
are  brought  back  to  the  station,  bo  that  observations  i 
be  made  on  voltmeters  there  of  the  actual  pressure  on  pra 
tically  any  part  of  the  distributing  system.     These  three 
core  pilot  cablas  aro  also  protected  in  the  same  way  \yj\ 
being  drawn  into  earthenware  conduits. 

The  electrical  energy  sold  for  lighting  is  charged  on  thel 
Brighton  system,  viz.,  7d.  per  unit  for  the  first  hour  per  day] 
average    use   of    the   maximum   output   demanded.     Any! 
energy   consumed  above  this  quantity  is  charged    at  2d.M 
per  unit.     The  motora  are  also  supplied  on  a  sliding  .scaJe^ 
which  13  as  follows : — For  an  average  use  at  full  load  of  underl 
one  hour  per  day,  2d.  per  unit.     Where  the  average  use  pevl 
day  is  between  one  hour  and  five  hours,  the  charge  is  l|d<  J 
whereas  the  charge  is  still  further  reduced  to  Id.  per  unitT 
if  the  average  use  per  day  comes  out  between  eight  and 
twelve  hours.     The  last  stage  in  the  scale  provides  that  any 
consumer  using  his  motors  night  and  day  throughout  the 
year  will  only  be  charged  ^d.  per  unit.     Some  6000  eight-j 
candle-power  lamps  are  now  connected  to  the  mains,  and» 
many  more  are  applied  for. 


BATTERSEA. — ARC  LAMPS. 

The  Angold  Are  Lamiis   {Fig.   aoeX— The   Angold  arc 
lamps  used  in  the  Borough  of  Battcrsea  were  manufactured 
at  the  Manchester  Works  of  the  General  Electric  Company 
(1900),  Limited.     The   lamps  themselves  and  their  acces-J 
sorics     embody     .several     novelties     and     improvemonta,! 
partly    suggested    by    the    Consulting    Engineers,  Messrs.  T 
Kennedy  and  Jenltin,  and  partly  the  result  of  the  firm'sil 
experience. 

The  lamps  are  divided  into  twenty-fout  circuits  of  ten  in  J 
series,  across  the  outers  of  the  460  volt  lighting  maina.] 
They  are  of  the  10  ampfere,  18-hour  single  carbon  Angold  f 
improved  type,  their  general  appearance  being  shown  inl 
Fig.  206. 
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Till!  case  is  thoroughly  weatherproof,  each  section  fitting 
tightly  into  the  one  above ;  the  leads  pass  into  the  lamp 
at  the  top  through  special  leading-in  tubes,  and  go  right 
down  to  the  terminals  on  the  underside  of  the  lamp  base 


without  breaking  into  the  mechanism  chamber.  The 
latter  ia  thus  kept  air-tight  at  the  top,  and  the  heated 
gases  from  the  arc  are  prevented  from  passing  through  the 
chamber  and  depositing  dust  on  the  working  parts.  The 
leads  can  be  disconnected  and  withdrawn  without  removing 
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the  case  of  the  lamp  or  unthreading  them  from  the  curved 
leading-in  fiiljCK.  The  case  is  entirely  insulated  from  i 
current-carrying  parts,  and  the  globe  aliiies  on  insulate 
rods,  so  that  the  lamp  can  rguitc  safely  be  handled  without 
danger  from  shocks. 

The    carbon    holders    are    both    on    a    ball-and-socki 
principle,   ho   that    they    can    be    brought   into   line 

afterwards  clamped   u}>,  when  they  remain  i 
fixture. 

In  order  to  reduce  friction  to  a  minimua 
the  solenoid  cores  and  main  levers  i 
arranged  to  work  on  knife  edges.  All  movioj 
parts  are  made  as  light  as  possible,  and  ( 
checked  with  a  strong  dashpot  in  order  to  g 
a  steady  start  with  a  minimum  of  line  r 
anee.  Side  pull — due  to  mutual  attradj<» 
and  repulsion  of  the  cores,  and  found  in 
arc  lamps^is  entirely  eliminated,  the 
netism  from  the  cores  being  so  controlled  thi 
a  parallel  field  is  produced. 

Although  many  lamp  makers  have  discardflij 
rubber  pads  for  the  brake-band  on  account  a 
the  frequent  regulation  necessitated  by  1 
wear  and  consequent  altei-ation  of  the  "  feec 
ing  point,"  and  have  used  metal  brakes  wluch 
do  not  give  such  a  steady  feed  as  rubber  does, 
the  patent  arrangement  for  compensating  the 
wear  of  rubber  as  employed  in  these  lampH, 
r.g.  XVI.  completely  overcomes  the  above -mentioned 
trouble.  A  brake-drum  carries  a  band  furnished  with 
rubber  pads,  one  end  of  wliich  is  attached  to  a  pulley  cott 
ti'olled  by  a  spiral  spring  in  tension,  and  the  other  end  | 
hooked  on  to  the  rocking  frame  controlled  by  the  two  c 
The  tension  of  the  spring  keeps  the  brake  in  action,  a 
compensates  all  the  wear  by  taking  up  the  slack  and  maini 
taining  the  position  of  the  band  relatively  to  the  drum, 
A   pawl   controlled   by   the   rocking   frame    engages 
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toothed  sector,  concentric  with  the  pulley  to  which  tlio 
haml  in  attacheil,  at  the  "  feeding  point;"  the  pulley  can 
now  DO  longer  take  up  the  slack,  and  the  trake  is  therefore 
released  and  the  feeding  takes  place.  When  compensation 
takes  place  the  pawl  engages  a  different  tooth,  but  always 
when  the  cores  are  at  "feeding  point;"  hence  the  regii'ation 
i-emains  constant. 

It  is  claimed  that  these  lamps  possess  the  followinjj  im- 
portant advantages:  — 

(1)  A  minimum  of  friction. 

(2)  Control  by  a  rubber  brake,  ensuring  a  steady  feed, 
which,  with  good  carbons,  is  continuous. 

(3)  Compensation  for  wear  of  rubber  brake. 

(4)  Good  regulation ;  bad  carbouR  causing  not  more  than 
two  volts  variation. 

(5)  Good  dashpot  action,  and  light  working  parts,  result- 
ing in  steady  working  with  a  minimum  of  line  resistance. 

The  general  appearance  of  the  lamp  with  the  case  and 
globe  off  is  shown  by  Fig,  207. 

As  already  stated,  the  lamps  bum  ten  in  series  across 
4(j0  volts,  and  as  they  each  require  41  volts,  only  .50  volts 
arc  left  for  the  line  resistance.  This  is  an  unusually  small 
proportion,  being  only  about  11  per  cent.,  whilst  the  usual 
practice  is  to  absorb  about  20  per  cent,  in  the  line  i-csist- 
ance.  Nevertheless,  excellent  results  are  obtained,  210 
lamps  lighting  up  without  a  hitch  when  the  current  is 
switched  on  for  the  first  time. 

Every  post  (Figs.  208  and  20!))  ia  fitted  with  an 
equivalent  resistance,  which  is  wound  on  the  china  bobbins 
and  enclosed  in  a  waterproof  cover.  The  upper  part  of 
Fig.  210  shows  the  resistance  with  the  cover  off,  and  that 
of  Fig.  211  with  the  cover  on, 

The  automatic  cut-out  is  fixed  in  an  iron  box  immediately 
below  the  equivalent  resistance;  it  was  specially  designed 
owing  to  the  small  line  resistance  used, because  if  all  the  equi- 
valent resisfiances  were  thrown  in  parallel  with  the  lamps,  the 
current   would   be  increased  to   18   amperes,  but  the  line 
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resistance  would  take  only  90  volte,  and  thus  as  much  ul 
37  volts  would  be  left  lor  each  pai-alleled  set.  The  cnt-1 
outs  take  70  volts  to  lift  them,  and  therefore  they  could« 
not  all  act  at  once  in  practice ;  but  six  or  seven  cut-outaifl 
can  act  together,  and  with  the  small  line  resistance  tbal 
result  is  proportionally  aa  above,     Owing  to  the  six   ora 


seven  lamps  getting  practically  normal  voltage  and  cui 
when   this   happens,   great   difficulty   was  experienced   inH 
designing  the  apparatuK  to  cut-in  again  when  the  carbons 
came  together,  and  at  the  same  time  leave  sufficient  pressure 
on  the  contacts  when  there  arc   no  carlHuns  in  the   lainp. 
This   was,    however,    wucceaifully   overcome,   and  a   venJ 
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stroiif,'  iiiayuet  is  a-icJ,  whicli  leaves  a  guud  niarTin  of  pull 
un  the  amiaturc,  amply  sufficitjnt  to  depress  eight  separate 
contact  pieces,  which  arc  conncctcti  in  pai-allcl  and  cany 
the  current  without  any  heating. 

The  second  post  in  each  series  carries  the  variahlis  lino 
resistance,  which  is  ahle  to  absorb  a  luaximum  of  GOO  watts. 
It  is  also  wounil  on  two  bobbins, and  Mho\\n 
on  Figs.  210  and  211  at  the  bottom. 

The  two  end  posts  of  each  aeries  contain 
one  single-pole  switch  and  fuse,  as  shown 
on  Fig.  212.  The  fuse  is  of  the  G.E.C. 
well-known  H.V.  type  with  lined  fuse 
chamber,  and  is  tested  on  a  deaul  short 
circuit  with  500  volts. 

Croyikjx. 

The  author  is  indebted  to  Mr.  T,  H. 
Mia-thall,  Borough  Electrical  Engineer,  for 
the  following  account  of  electrical  street 
lighting  at  Croydon  :— 

The  evolution  of  street  lighting  in  districts 
where  alternating  current  is  supplied  for 
private  lighting  ha-s  been  extremely  inter- 
esting. The  eariiest  form  of  distribution 
for  the  lattor  consisted  in  placing  a  trans- 
former in  each  house  working,  as  a  rule, 
at  about  100  volts  pressui-e,  and  for  public 
li(,'hting  many  stations  adopted  a  similar  system,  using  small 
transformera  in  the  base  of  the  posts.  This,  however,  was 
not  particularly  satisfactory,  or  economical,  and  a.s  the  colour 
of  the  alternating  ai-c  left  a  good  deal  to  be  desired,  many 
engineers  preferred  to  use  separate  constant  current  arc 
lighting  generators,  a  system  which  had  lieen  used  in 
America  for  many  years,  and,  as  far  as  the  quality  of  the 
light  went,  had  been  found  very  satisfactory  ;  many  of  the 
iitatiuns  in  that  country  being  exclusively  devoted  to  pul>lic 
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ligliting.  This,  for  some  time,  became  standarj  practi 
principal  developmente  being  in  the  directiun  of  inc 
nize  in  arc  lighters. 

In  England,  however,  the  low  efficiency  of  arc  Hghl 
driven  by  separate  engines  pieventcd  their  being  much  used^^ 
and  the  Ferrauti  rectifier,  the  introduction  of  which  was  thtf'i 
next  important  step,  met  witli  a  good  deal  of  success,  thai 
service,  tm  far  as  tlie  lampa  were  concerned,  leaving  little  to^ 
be  desired,  Recently,  however,  both  in  England  andl 
America,  the  open  lamp,  whether  alternating  or  direct,  v- 
being  superseded  !iy  the  enclosed  lamp,  and  an  enonnouVj 
number  of  seiies  alternating  lamps  worked  from  constant 
ciUTent  transformers  arc  being  installL-d,  this  being  quite  the 
most  popular  form  of  lighting  in  America  to-day,  where 
open  lamps  are  being  everywhere  replaced.  By  this  means, 
the  advantages  of  the  scries  system  are  obtained  without 
the  use  of  special  genei-ating  plant. 

The  first  installation  of  public  lighting  at  Croydon  con- 
sisted of  rectified  lamps,  of  which  sixty  are  -still  in  use.  In 
the  outlying  districts,  however,  it  was  found  that  the  co.-<t 
of  laying  mains  all  the  way  from  the  generating  station  was 
prohibitive,  and  recourse  was  had  to  alternating-current 
enclosed  lamps. 

Two  systems  of  operating  the  latter  are  in  use,  one  using 
series  lamps,  the  otlier  parallel  ones ;  but  both  possess  the 
great  advantage  of  enabling  the  ordinary  mains  to  be  used 
for  a  greater  number  of  hours  per  day,  and  hence  producing 
a  greater  return  for  a  given  capital  outlay. 

The  chief  difficulty,  viz.,  the  colour,  has  been  surmounted 
after  a  long  and  costly  scries  of  experiments,  and  it  is  now 
difficult  for  anyone  but  an  expert  to  detect  much  different 
between  the  direct  and  alternating  Isimps.  The  question 
colour  is  a  somewhat  complex  one,  and  before  success  was 
obtained,  it  was  necessary  to  try  a  great  variety  of  carbons, 
globes,  and  lengths  of  arc,  &c. 

Parallel  System. — The  system  first  adopted  and  still 
used  in  those  parts  of  the  district  where  a  low-pressure 
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network  of  sub-stations  are  proviflcd,  consisted  in  the  use 
of  lamps  of  the  pai-allel  type,  which  are  run  without  any 
transformer  or  choking  coil,  thereby  avoiding  one  of  the 
most  frequent  causes  of  troublti. 

At  Croydon  these  lamps  are  made  for  200  volta,  and 
hence,  with  a  400-volt  three-wire  system,  can  be  fed  at 
very  great  distances  from  sub-stations,  In  some  cases  they 
are  connected  to  the  distributing  mains,  while  in  others, 
separate  low-pressure  cables  are  run  back  to  the  sub- 
stations, which  enables  a  large  number  of  lamps  to  be 
controlled  by  one  man,  and  the  current  they  take  to  be 
metered,  as  well  as  having  other  advantages. 

Series  System. — In  certain  districts,  however,  the  nearest 
sub-station  is  at  such  a  dbtancc  as  to  make  the  laying  of 
400-volt  mains  out  of  the  question,  and  here  a  modified 
form  of  tlie  series  system,  so  popular  in  America,  has  been 
adopted.  As  the  lamps  arc  automatically  compensated,  it 
has  not  Iwen  found  necessary  to  use  constant-current 
transformers,  the  governing  of  the  laiiii>s  being  such  BS  to 
prevent  the  total  current  increasing  more  than  5  per  cent., 
even  if  half  the  circuit  should  become  extinguished.  It  is 
advisable,  however,  to  have  a  transformer  separating  the 
arc  system  from  the  main  feedera  to  the  generating  station. 

The  relative  advantages  of  the  two  systems  depend  on  a 
variety  of  causes,  but,  as  a  rule,  the  series  system  wilt  be 
found  more  economical  in  a  straggling  district. 

Both  systems  possess  the  groat  advantage  of  improving 
the  load  factor  or  earning  power  for  a  given  capital  outlay. 
The  general  advantages  of  enclosed  lamps  are  so  well  known 
that  it  is  not  necessary  to  dwell  upon  them,  but  it  may  be 
of  interest  to  state  that,  in  addition  to  the  improved 
behaviour  in  bad  weathei',  there  has  been  found  at  Croy- 
don a  reduction  of  over  30  per  cent,  in  the  cost  of  carbons 
(although  the  very  best  quaJitie.-i  must  be  used),  and  of 
nearly  40  per  cent,  in  the  cost  of  trimming.  On  the  other 
hand,  there  is  the  cost  of  inner  globcA,  but  now  that  the 
correct  shape  and  quality  of  glass  is  used,  the  latter  item  is 


488  Crojfdan. 

not  serious,  and  is  oounterbalanoed  by  the  imsroased  life  of 
the  outer  globe  due  to  less  frequent  removal  for  trimming 
purposes  and  the  absence  of  breakages  due  to  fdiling 
particles  of  hot  carbon. 

The  standard  distance  of  lamps  is  60  yards,  and  wbiere- 
ever  possible  the  trolley  poles  are  used.  When  the  latter 
(which  are  about  40  yards  apart)  are  on  both  aides  of  tho 
road,  they  are  ^*  staggered/'  and  hence  the  use  of  alternate 
posts  gives  the  required  distance.  Those  on  one  aide  of  the 
road  are  switched  out  at  midnight,  the  remainder  of  the 
lamps,  although  120  yards  apart^  being  amply  suffident  for 
the  safety  of  the  traffic  after  that  time. 
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CHAPTER   XXIX. 

ACETYLENE. 

During  the  last  few  years  acetylene  has  taken  a  prominent 
place  as  an  illuminant,  the  brilliance  of  the  light  produced 
by  it,  coupled  with  the  convenience  of  its  production, 
gradually  winning  its  way  into  public  favour. 

In  1836  Edmund  Davy,  Professor  of  Chemistiy  to  the 
Royal  Dublin  Society,  described  the  gas  acetylene  at  the 
meeting  of  the  Society  held  in  March  in  that  year,  and 
experimentally  demonstrated  some  of  its  properties,  and 
later  in  the  same  year  he  read  a  paper  on  it  before  the 
British  Association  at  Bristol^  the  method  described  therein 
for  the  production  of  the  gas  being  the  ignition  in  an  iron 
bottle  of  a  mixture  of  calcined  tartar  and  charcoal,  with  the 
result  that  potassium  was  isolated  in  addition  to  a  black 
substance,  which  was  easily  decomposed  by  water,  yielding 
a  gas  of  great  illuminating  value  when  burned  in  contact 
with  the  atmosphere. 

The  importance  of  this  discovery  was  clear  to  Davys 
mind,  his  concluding  remark  being, "  From  the  brilliancy 
with  which  the  new  gas  bums  in  contact  with  the  atmo- 
sphere it  is,  in  the  opinion  of  the  author,  admirably  adapted 
for  the  purpose  of  artificial  light,  if  it  can  be  procured  at  a 
cheap  rate." 

The  gas  so  proiluced  has  the  composition  C2H2,  equal  to 
92-3  per  cent,  of  carbon.  In  1860  Berthelot  showed  that 
acetylene  was  formed  during  the  decomposition  of  many 
organic  substances  by  heat,  and  in  1862  he  demonstrated 
the  possibility  of  producing  it  in  an  atmosphere  of  hydrogen 
by  passing  electricity  between  carbon  points 


Tliese  and  many  otlier  espeiimenta  on  record,  whilst  I 
interesting  from  the  scientific  stanilpoint,  were  not  attended  | 
with  practical  results  until  1889,  when  the  process  which  I 
lias  now  enabled  acetylene  to  be  produced  commercially  was  1 
accidentally  discovered  by  an  American  engineer,  Mr.  Thomas  I 
Leopold  Willson,  of  Leakaville,  in  North  Carolina,  while  J 
experimenting  with  an  electric  furnace  in  connection  with  1 
tbc  production  of  aluminium.  He  was  attempting  to  pro-  1 
duco  the  metal  calcium  by  the  reduction  of  its  oxide  in  the' I 
electric  arc,  and  for  this  pui-pose  fused  together  a  mixture  of  J 
powdereil  lime  and  anthracite.  He  was,  however,  di8->f 
appointed  to  find  that  he  had  produced  only  a  dark-colouredl 
crystalline  sub-ttance  very  like  lava. 

Regarding  this  as  useless,  he  threw  it  into  some  water,  I 
which  immediately  began  to  bubble  violently,  an  odoupl 
being  produced,  which  at  once  attracted  attention.  Af 
further  quantity  of  the  material  was  made,  and  on  examina- 
tion found  to  be  carbide  of  calcium,  the  gas  produced  on  its  I 
immersion  in  water  being  pure  acetylene. 

In  1892  Willson  produced  carbide  in  quantities,  and  in  I 
1895  works  were  started  in  England,  whilst,  at  the  present  ' 
time,  nearly  every  countiy   in  the  world  has  one  or  more 
companies  engaged  in  its  manufacture.     The  production  of 
the  gas  from  the  carbide  in  a  safe,  simple,  and  economical 
manner,  evidently  presented  greater  difficulty  than  was  at 
first  anticipated,  and  many  failures  resulted  in  consequence  I 
fif  inexperience  before  the  process  was  placed  on  a  satis- I 
factory  and  safe  basis. 

In  1898  an  exhibition  of  the  acetylene  light  was  held  at  I 
the  Imperial  Institute,  and  the  Society  of  Arts  appointed  a 
Council  to  conduct  a  series  of  tests  of  tlie  exliibite,  and 
grant  certificates  to  the  exhibitors  of  those  which  were 
found  to  be  satisfactoiy.  This  action  had  the  etTect  of 
reassuring  the  public  on  the  question  of  the  safety  of  the 
light,  with  the  result  that  it  is  now  giudually  winning  it^ 
way  to  favour,  especially  in  rural  districts,  churches,  hotels, 
railway   stations,    and    country    mansions,    where    eitheci 
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(ilectricity  or  coal-gas  canuot  he  obtaineil  at  reasonable 
prices,  or  lias  not  yet  been  Introduceil. 

As  already  pointed  out  in  Chapter  XXVII.  no  comparison 
of  the  cost  of  illuminante  can  Ijc  made  iinleas  the  coat  and 
quality  are  stated,  and  therefore  each  case  must  be  con- 
sidered by  itself;  but  as  a  general  idea  of  the  cost  of  coal- 
fias  in  England  alone,  it  may  be  stated  that  there  are  over 
1000  ga-s  companies  charging  above  4a.  per  thousand  cubic 
ffct,  of  which  500  charge  above  5a.,  200  above  6s.,  and  some 
c>en  over  lOs,  per  thousand  cubic  feet. 

According  to  information  kindly  supplie<l  by  Mr,  11.  E. 
Baker,  managing  director  of  the  Acetylene  Coq>oration  of 
Great  Britain,  the  quantity  of  acetylene  pi-odiiced  from 
1  lb.  of  carbide  of  calcium  varici  from  5  cubic  feet  to 
'ri-i  cubic  fpi^t.  On  the  ba-sis  of  .5  cubic  feet,  to  take  the 
lowest  figure,  this  is  equal  to  2.50  candle-power  per  pound 
of  carbide  per  hour,  which  is  obtainable  in  quantities  at  2d. 
To  produce  an  equal  degree  of  illumination  by  means  of 
1  (i  candle-power  gas  when  burnt  in  a  tiat-Hanic  burner,  about 
DO  cubic  feet  per  hour  are  required,  which,  at  3s.  per  thousand 
cubic  feet,  will  cost  SJd.  Of  course,  if  the  comparison  is 
made  against  the  Welsbach  incandescent  mantle,  the  cost 
for  gas  alone  will  be  about  one  seventh  of  that  sum,  and  the 
comparison,  so  far  as  cost  of  gas  is  concerned,  is  in  favour 
of  the  Welsbach.  In  those  cases,  however,  where  no  coal 
gas  is  available,  these  considerations  cannot  be  taken  into 
account.  But  there  are  many  cases  in  which  tlic  incan- 
descent mantle  cannot  lie  employed  with  advantage,  quite 
apart  from  the  question  of  cost,  and  these  are  the  cases  in 
which  the  acetylene  will  be  found  of  most  value.  The  fact 
that  the  acetylene  light  is  now  in  use  for  chuithes,  country 
houses,  a  hall  capable  of  seating  4000  peo])le,  hotels,  a 
military  camp,  &c,  and  that  the  apparatus  when  fitted  up 
under  the  direct  supervision  of  the  above  company  is 
guaranteed  for  five  years,  clearly  indicates  the  steady 
advance  which  this  form  of  illumination  is  making  in 
jjublic  favour. 
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In  onler  t-j  prudiice  acetylene  gas  frtnii  caibiilo  of  calciiini 
it  IB  ncccHHiiry  tliat  tho  carbide  should  Ije  liroiight  int^ 
cotituct  witli  water,  Sevci-al  metliods  have  from  tiiuu  t 
time  lieeu  adopted  in  ordLt  to  liiing  the  two  ncccssaria 
iuto  contact,  most  of  which  have  now  been  abandoned  t 
one  reason  or  another. 

Two  methods  have,  however,  survived: — First, arrangiiij 
the  charge  of  carbide  in  a  generator  in  such  a  way  that  t 
water  attacks  it  from  the  bottom  (Fig.  213)  and  gradually  e 


croaches  upon  it,  thereby  releaeing  the  gas.  wliich  is  conveyed 
away  to  the  gasometer,  pinifierH,  service  pipcf,  and  burners. 
Tills  method  can  I-e  pcifoinicd  automatically  if  re(|uirtil, 
in  which  case  the  charge  is  split  up  into  a  number  of 
portions,  and  the  water  supply  to  the  carbide  is  aiitonjaticalty 
controlled  so  that  only  one  portion  is  attacked  at  a  time, 
the  gas  from  which  tills  the  gasometer,  and  in  the  ascent  of 
the  gasometer  (Fig,  214)  the  waU-risshutotf.  Whenthegaa 
thus  produced  is  used,  the  gasometer  falls  and  automatically 
turns  on  the  water  to  another  portion  of  the  carbide,  this 
alternate  action  continuing  until  the  whole  chai'ge  of  carbide 
is  e.xhausLed.      The   mvat    advantage    of    the    automatic 
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Acetylene. 

system  is  the  Hinall  size  of  tlie  plant  and  tlie  consequent 
economy  both  in  the  cost  of  the  plant  and  the  space  it 
occupies.  Another  and  less  apparent  advantage  is  that  the 
acetylene  gas  is  always  fresh,  and  its  illuminating 
value   is    not    so    nuich    depreciateil.      It    is,   of    course, 


Fig.   21S. 

evident  that  this  method  of  production,  which  is 
known  as  the  flooding  process,  can  also  lie  performetl 
non-automatically  (Fig.  215),  that  is  to  say,  a  constant 
stream  of  water  can  he  allowed  to  flow  to  the  carbide  and 
the  whole  of  the  gas  collected  in  a  large  storage  liolder. 
Tlie  flooding  process  when  performed   in  a  scientifically- 
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constructed  apjjaratus,  which   is   water  sealed,  and  whid 
does  not  allow  of  a  j>rcater  pre.ssure  than  from  4in.  to  Cin.'l 
on  the  generating  chamber,  produces  the  largest  volume  c£l 
gas   from   the   carbide,  some   results   yielding   more   thool 
5  cubic  feet  to  the  pound  of  cai'bide. 

The  other  process  which  has  survived,  and  has  numeroui 
ailvocates,  is  that  of  throwin*,'  small  quantities  of  cai'bidw 
into  a  laiffc  volume  of  water,  and  collecting  the  gas  as  ttJ 
liubblfs  through  the  water  in  a  storage  holder.     T\ie  di»! 
advantage  of  this  method  is  that  it  cannot  with  any  dejirn 
of  certainty  be  performed  automatically  unlcs.s  the  carliidu 
is  broken  to  gunpowder  size,  as  the  lumps  of  carbide  wouldc 
lie  almost  certain  to  put  the  mechanism  out  of  gear.     The« 
fore  with  such  an  apparatus  it  is  usual  to  tiave  a  storagol 
holder  to  accommodate  the  required  amount  of   ga.s  ond^ 
throw  the  carbide  into  the  generator  by   hand  until  thel 
holder  is  full.     The  gas  made  in  this  way  in  a  properly- 
constructed  apparatus  is  undoubtedly  ^ood,  but  the  plant 
is  more  expensive  than  with  the  Hoodingproeess  on  account 
of  the  required  storage  holder;  and  there  is  also  a   veryJ 
coasiderable  loss  of  gas  through  its  being  absorbed  in   thiil 
large  volume  of  water  in  the  generator,  as  the  water  lias  t 
be  changed  each  time  and  consequently  absorbs  fresh  quan^l 
titles  of  gas.     The  yield  of  gas  from  the  best  genemtors  i 
this  class  does  not  exceed  4^  cubic  feet  to  the  pound. 

Having  generated    the    gas    by    cither   of    these    twat 
methods,  it  has  been  fotmd  by  experience  that  in  order  tal 
obtain  the  best  results  it  is  necessary  to  subject  the  gas  to  a 
process  of  washing,  drying,  scrubbing,  and  purifying. 

This  is  partly   necessary,  owing  to   the  fact  that  eom-l 
mercial  carbide  of  calcium  contains   certain  impurities  iai 
small  quantities  which  would  render  it  unpleasant  if  bumod,] 
in  a  close  room,  in  the  state  in  which  it  issues  from  ' 
generator.     In  the  early  days  of  acetylene  this  detail  w« 
not  considered,  and  consequently  many  people  gave  up  t 
use  of  the  gas,  thinking  that  it  was  poisonous  in  character,  i 

The    process     adopted     is     a-s     follows : — As     tha 
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loaves  the  generator  it  is  made  to  bubble  through 
water  in  line  stmams  (see  Fig.  2\i),  This  haa  the 
effect  of  cooling,  waaliing,  and  freeing  it  from  any 
any  traces  of  ammonia.  From  the  washer  the  ga.s  entei-s 
the  gasometer  by  an  inlet  pipe  which  is  not  connected  with 


the  gas  service  to  the  burnerM.  In  its  course  totho  gasometer 
the  gas  has  to  travel  through  pipes  which  are  always 
immersed  in  the  cold  water  of  the  gasometer  tank,  which 
has  the  effect  of  condensing  the  gas,  any  condensation 
dropping  back  into  the  washer.     By  the  pressure  of  the 
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gasometer  the  gas  is  forced  down  tte  ouUet  pipe  and  enters  1 
tlie  dryer  and  scrubber,  the  latter  being  absolutely  necessary,  f 
In  fact,  the  omission  of  this  part  of  the  plant  is  responsible  1 
f*)r  the  burner  troubles,  the  leason  being  that  where  tho  I 
scrubber  is  omitted  the  tiny  holes  of  the  burner  nipple  I 
constitute  the  first  serious  resistance  to  the  gas,  when  the  I 
burner  really  acts  as  a  scrubber,  and  becomes  blocked  with  [ 
the  impurities  removed  from  the  gas. 

The  gas,  having  been  scrubbed,  is  next  conveyed  to  a  water-  j 
sealed  purifier  (Fig.  21 6), which  removes  from  it  any  traces  of  I 
phosphuretted  hydrogen,  and  completes  the  drying  of  tha  f 
gas. 

The  acetylene  is  now  ready  for  use,  and  is  conveyed  by 
ifleans  of  mains  and  connections  to  the  points  where  light 
isVequirecl,  hut  under  no  circumstances  shoidd  lead  pipes 
be  uEed.  The  best  installations  are  always  carried  out  with 
steam  tubing. 

If  an  acetylene  installation  is  to    be  really  good   and  1 
useful  great  attention  must  be  paid  to  the  joints  both  of  1 
the    gas   ser\ice   and    the    gas     fittings.       The    ordinary   ' 
fittings  made  for  coal-gas  are  for  the  most  part  un.satis-   I 
factory,   and   even   the   more   expensive    ones    should    be 
supplied  with  special  taps  which  \s'ill  stand  water  pressure ; 
and,  so  far  as  possible,  hall  joints  and  slide  fittings  should 
be  avoided,  otherwise  there  will  he  an  unpleasant  escape 
of  gas. 

It  was  at  an  early  date  discovered  that  the  best  form  of'  I 
burner  was  an  atmospheric  one,  which  admitted  air  at  the  ' 
point  of  ignition  in  sufficient  quantities  to  keep  the  flame  , 
from  the  steatite,  while  for  ordinary  purposes  a  burner  ' 
such  as  described  on  page  204,  ^ving  two  jets  of  light  i 
which  impinge  and  spread  into  a  flame,  is  most  in  favour. 
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CHAPTER   XXX. 


AMERICAN    ESPERIEKCE. 

The  moat  recent  account  of  public  lighting  in  America 
is  that  given  in  a  report  of  the  Committee  of  Light  of  the 
Eoartl  of  Logislatian  of  Cincinnati,  U.S.A.,  from  which 
report  the  following  interesting  information  lias  been 
abstracted : — 

"Your  committee  visited  all  other  systems  of  lighting 
under  consideration.  The  arcs  were  found  to  he  of  the  type 
known  as  open  arcs,  which  throw  the  greatest  amount  of 
light  at  an  angle  half  way  between  the  vertical  and  hori- 
zontal, or,  as  stated  in  electrical  circles,  at  an  angle  of  45' 
below  the  horizontal.  The  light  in  the  open  arc  lamps  is 
furnished  from  the  points  of  carbons  between  which  there 
is  an  electric  are,  the  carbons  varying  from  one-half  to  tivc- 
eighths  inch  in  diameter.  These  open  lamps  are  Iiung  from 
30ft.  to  40ft.  above  the  ground,  in  order  to  throw  the 
maximum  light  at  a  greater  diatance  from  the  lamp  on  the 
street  than  if  they  were  hung  lower. 

"  It  was  found,  as  with  all  the  open  arc  lamps  your  com- 
mittee has  seen  anywhere,  that  the  large  base  of  the  lamp 
cast  a  big  shadow  under  the  lamp.  It  was  explained  to 
your  committee  that  with  the  old  or  open  typo  of  arc  lamps 
the  carbons  burned  in  the  open  air,  being  simply  .surrounded 
by  a  large  glass  globe  to  protect  the  carbons  to  some  extent 
from  the  blast  of  wind.  The  upper  carlion  is  called  the 
positive,  and  burns  at  the  tip  to  a  point,  with  a  crater  or 
concave  hole  in  the  centre  of  the  end  of  the  carbon,  while  the 
lower  or  negative  carbon  buras  to  the  form  of  an  evenly  round 
peak.  The  light  being  given  largelyfrom  the  upper  or  positive 
carbon,  and  the  greater  amount  of  light  being  given  from 
the  crater,  or  hottest  part  of  the  carbon,  it  will  be  seen  that 
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&  large  portion  of  the  light  canaot  be  thrown  in  a  horizontal 
direction  on  account  of  the  walls  of  the  crater,  and  muat  be 
thrown  at  au  angle  of  about  45'  below  the  horizontal. 
It  will  be  noted,  therefore,  that  the  higher  the  lamp  is  sus- 
pended from  the  ground,  within" reasonable  limits,  the  better 
the  street  illumination  produced.  The  source  of  illumina- 
tion, however,  being  at  the  carbon  points,  it  is  obvious  that 
shadows  will  bo  thrown  by  any  obstructions,  such  as  the 
bottom  and  frames  of  the  lamp,  When  the  lamp  is  burning 
the  carljons  ai-o  about  one-eighth  of  an  inch  apait,  this  being 
the  length  of  the  electrie  arc,  and  as  it  is  exposed  to  draughts 
of  air  the  light  is  subject  to  some  variation,  causing  flicker- 
ing of  the  lamp  on  account  of  the  wind. 

■'  It  was  also  stated  that  uneven  and  impure  spots  in  the 
carbons  caused  a  disagreeable  flickering,  which  does  not 
occur  in  the  enclosed  form  of  arc  lamp.  In  the  enclosed 
arc  lamp  the  carbons  bum  in  a  small  air-tight  globe,  which 
is  inside  of  the  larger  outer  globe,  and  therefore  bum  in  a 
partial  vacuum,  in  which  combustion  takes  place  more 
slowly,  and  in  which,  of  course,  the  wind  cannot  reach  the 
are  and  make  it  unsteady.  In  the  enclosed  arc  lamps,  no 
air  being  present,  the  carbons  bum  with  almost  flat  ends, 
about  threo-eigliths  of  an  inch  apart,  so  that  the  light  is 
given  from  the  ends  of  the  carbon  and  from  the  electric  arc 
between  the  carbons.  There  being  no  crater  on  the  positive 
carbon,  and  the  carbons  being  so  far  apai-t,  the  most  intense 
liglit  is  thrown  in  pi-octically  horizontal  directions,  so  that 
a  much  larger  amount  of  light  is  thrown  at  a  distance  from 
the  lamp  than  where  the  open  arc  lamps  are  used.  The 
practice  is  to  make  the  small  inner  globe  of  white  or  opal 
glass,  and  when  the  lamp  is  burning  this  entire  inner  globe 
becomes  bright  and  becomes  the  source  of  light,  so  that  the 
liglit,  iastead  of  emanating  from  a  point,  as  it  does  in  th© 
open  arc  lamps,  emanates  from  a  closed  globe  about  ; 
in  diameter  by  Gin.  long  in  the  enclosed  form  of  are  lam 
This  globe  being  so  much  larger  than  tlie  base  of  the  lam 
or  than  the  frame  of  the  lamp,  does  not  permit  anyshodoif 
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to  be  caat,  and  the  enclosed  form  of  lamp  therefore  is  not 
only  absolutely  steady  and  free  from  flickering,  due  to  wind 
or  other  causes,  but  it  casts  no  shadows  under  the  lamp  and 
no  shadows  from  tlie  frame  of  the  lamp.  It  also  throws  its 
light  to  a  greater  distance,  anil  the  effective  illumination 
of  the  street  throughout  its  length  is  therefore  very  much 
better  than  with  the  open  type  of  lamp.  The  use  of  an 
opa!  inner  globe  for  the  enclosed  lamp  also  does  away 
with  the  brilliant  spot  which  has  been  objected  to  with 
the  open  type  of  lamp  as  being  so  dazzling  in  its  effect  on 
the  eye. 

"  Of  the  enclosed  type  of  arc  lamp  there  are  two  kinds, 
known  bs  direct-current  or  altcmating-cuiTent  enclosed 
lamps,  depending  on  the  kind  of  electricity  which  is  fur- 
nished to  said  lamps.  With  the  direct-curre-nt  enclosed 
lamps  the  end  of  the  carbons  bum  almost  flat,  but  not  to- 
gether, because  the  cuirent  always  goes  from  the  positive  to 
the  negative,  and  the  upper  carbon,  being  positive,  is  always 
slightly  hollowed  out  or  concave.  With  the  alternating 
lanip,  however,  the  carbons  burn  with  both  carbons  abso- 
lutely flat  on  their  ends.  The  result  is  that  the  alternating 
lamp  throws  a  still  greater  proportion  of  its  light  in  a 
horizontal  direction  than  does  the  dii-ect-currcnt  enclosed 
lamp,  and  for  that  reason  the  alternating  form  of  enclosed 
lamp  is  considered  more  effective  for  street-lighting  pur- 
poses, where  a  large  amount  of  light  is  wanted  fi-om  100ft. 
to  200ft.  or  300ft,  from  the  lamps.  In  both  types  of  enclosed 
arc  lamps  tlie  opal  inner  globe,  on  account  of  its  white 
colour,  becomes  the  source  of  light,  and  being  so  large,  a 
considerable  amoimt  of  light  would  naturally  be  thrown 
into  the  air  and  lost  unless  reflected.  It  is  the  practice, 
therefore,  of  companies  using  inclosed  aro  lamps  to  use 
a  reflector,  which  is  attached  to  the  lamp  immediately  above 
the  glass  globe,  which  reflector  lias  a  white  porcelain 
under-surface  for  reflecting  the  light.  The  result  of  the 
use  of  this  shade  is  that  the  light  which  wouM  otherwise 
be  lost  is  thrown  to  the  earth  and  made  useful,  and  that 
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the  illumination  under  the  larap  is  absolutely  uniform  and" 
free  from  shadow.  As  the  lamps  throw  a  horizontal  light, 
as  the  brilliant  carbon  points  are  enclosed  by  white  glass 
inner  globes,  it  is  the  practice  in  cities  where  your  committee 
lias  investigated  lighting  systems  to  place  the  lamps  at  a 
distance  of  only  12ft.  or  15ft,  instead  of  25ft.  to  40ft.  above 
the  ground,  as  with  the  open  type  of  arc  lamps.  This 
gives  a  very  brilliant  illumination  on  the  street  free  from 
shadows,  and  enables  the  lamp  to  be  placed  below  the 
limbs  of  trees,  so  that  the  foliage  does  not  obstruct  tlie 
light.  The  placing  of  the  lamps  clo.se  to  the  ground  is  not 
objectionable,  because  the  white  inner  globe  protects  the  eye 
from  the  glare  so  noticeable  with  the  open  type  of  arc  lamp. 

"  The  experience  of  your  committee,  therefore,  in  all  these 
cities  visited  would  tend  to  show  that  electric  lighting  of 
the  open  type  or  enclosed  lamps  gives  a  better  illumination 
than  either  gas  or  gasoline  lamps,  either  of  the  open-flame 
type  or  equipped  with  incandesceat  gas  burners.  The 
consensua  of  opinion  seems  to  be  that  the  enclosed  arc  tamp 
is  superior  to,  and  an  improvement  on,  the  open  type  of 
arc  lamp,  and  that  of  the  two  kinds  of  enclosed  arc  lamps 
the  alternating  is  better  than  tlie  direct-current  type,  be- 
cause a  greater  portion  of  the  light  is  thrown  in  a  hori- 
zontal direction,  and  because  therefore  the  general  illumina- 
tion of  the  street  is  more  uniform.  Another  advantage  of 
the  alternating-current  type  of  lamp  is  that  lamps  of 
1200  candle-power  can  be  used,  if  desired,  from  the  same 
djTiamo  that  furnishes  the  2000  candle-power  lamp"*,  and 
therefore  by  the  use  of  the  smaller  candle-power  lamp  a 
greater  number  of  them  can  be  used  at  the  same  cost  per 
year  for  lighting,  enabling  the  lamps  to  be  placed  much 
closer  together.  Tlie  use  of  an  increa-sed  number  of  lamps, 
giving  the  same  amount  of  light  more  evenly  distributed, 
and  at  no  greater  cost,  would  be  an  object  Well  worth.. 
striving  for." 

The  summarised  results  of    the  investigations  of  tlitf 
Committee  are  shown  in  the  acconjpanying  table. 
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APPENDIX    I. 


BOARD   OF  TRADE  REGULATIONS,   WITH   AKNOTATIONS 

BY  THE  AUTHOR. 

(A),  for  seouring  the  Safety  of  the  Public,  and 

(B),  for  ensuring  a  proper  and  sufficient  Supply  of  Electrical 
Energy. 


Definitions. 

In  the  following  regulations — 

The  expression  **  the  Order  '*  means  the 

The  expression  **  the  Undertakers  '*  means  the  Undertakers  for  the 

purposes  of  the  Order. 
The  expression  "  consumer's  wires  *'  means  any  electric  lines  on  a 

consumer*s  premises  which  are  connected  with  the  service  lines 

of  the  Undertakers  at  the  consumer's  terminals. 
The  expression  **  aerial  line "  means  any  electric  line  which  is 

placed  above  ground  and  in  the  open  air. 
The  expression    "  pressure "    means  the  difference  of   electrical 

potential  between  any  two  conductors  through  which  a  supply  of 

energy  is  given,  or  between  any  part  of  either  conductor  and  the 

earth  ;  and — 

(a)  Where  the  conditions  of  the  supply  are  such  that  the 
pressure  may  at  any  time  exceed  500  volt^  if  continuous, 
or  250  volts  if  alternating,  but  cannot  exceed  3,000  volts, 
whether  continuous  or  alternating,  the  supply  shall  be 
deemed  a  high-pressure  supply : 

(6)  Where  the  conditions  of  the  supply  are  such  that  the 
pressure  may  on  either  system  exceed  8000  volts,  the 
supply  shall  be  deemed  an  extra  high-pressure  supply. 

The  expressions  **  high  pressure "  and  "  extra  high  pressure  *' 
respectively  are  used  in  relation  to  electric  lines,  conductors, 
circuits,  and  apparatus,  according  to  the  conditions  of  the  supply 
delivered  through  the  same  or  particular  portions  thereof. 
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Where  these  reguIatioiiB  require  anj  metallic  bodylo  be  "  efficiently  j| 
connected  with  earth,"  it  shall  be  connected  with  the  general  mo: 
earth  in  such  moaner  aa  will  enBure  at  all  Umes  an  immediate  and  cafe 
discharge  of  electrical  energy. 

Other  cxprc8Eions  to  which  meatitngH  are  assigned  in  the  Order  o 
in  the  above' mentioned  Acta  have  the  same  respective  meanings  ii 
these  rcgalationB, 

A. — EEOUtiTioss  FOB  Secubino  tbe  Sajety  of  thb  Pdblic, 


(1)  The  preBsure  ot  a  supply  delivered  to  any  eonenmer  shall  nol 
exceed  250  volts  at  any  pair  of  terminals,  except  with  the  cxpceu  1 
approval  of  the  Board  of  Trade,  Such  approval  will  only  be  given  for 
special  purposes  and  on  the  joint  application  of  the  consumer  and  the 
Undertakers,  and  the  supply  wOl  be  subject  to  such  further  regulationa 
as  the  Board  oC  Trade  may  from  lime  to  time  prescribe. 

(2)  The  pressure  of  a  supply  delivered  to  a  transforming  statjon  o 

to  transforming  apparatus  on  a  consumer's  premises  may  exceed  250J 
volts,  but  Ghall  not  exceed  the  limits  of  high  pressure. 

(3)  An  extra  high-pressure  supply  shall  not  be  given  except  to  dis- 
tributing stations  or  other  premises  in  the  sole  occupation  of  the 
Undertakers,  and  with  the  written  consent  of  the  Board  of  Trade,  and 
subject  to  such  regulations  and  conditions  as  the  Board  may  prescribe. 

(4)  The  ma!(imum  working  current  in  any  conductor  shall  not  ba 
suQicient  to  raise  the  temperature  of  the  conductor  or  any  part  thereof 
to  such  an  extent  as  to  materially  alter  tbe  physical  condition  or 
specific  resistance  of  the  insulating  covering,  if  any,  or  in  any  case 
to  raise  such  temperature  to  a  greater  extent  than  80  dcg.  Fob,  The 
cross -sectional  area  and  conductivity  at  joints  must  be  sufficient  to 
avoid  local  heating,    and    the    joints    must    be    protected  against 


(5)  The  sectional  area  ot  the  conductor  in  any  electric  line  laid  or 
erected  in  any  street  after  tbe  date  of  these  regulations  shall  not  ba 
less  than  the  area  of  a  circle  of  one-tenth  of  an  inch  diameter,  and  i 
where  the  conductor  is  formed  of  a  strand  of  wires,  each  separate  n 
shall  be  at  least  as  targe  as  No.  20  standard  wire  gauge. 

(G)  All  material  used  for  insulating  electric  lines  or  apparataa  a! 
be  of  the  beat  quality,  and  thoroughly  durable  and  efficient,  havingfl 
regard  to  the  conditions  of  its  use.  Suitable  proviaion  shall  be  u 
(or  the  protection  of  the  insulating  material  against  injury  at% 
removal. 

If  the  protection  so  provided  be  wholly  or  partly  metallia,  it  shal! 
be  eOiuiently  connected  with  earth. 

(7)  Every  main  shall  be  tested  for  insulation  after  having  1 
placed  io  position  and  before  it  is  used  for  the  purposes  of  supply,  the! 
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teEliug  prcBEure  being  at  least  200   voUh,  and  tfao  Undertakers  shall 
duly  record  the   rceulta   ot   the  tests  of    each  iimiD,  at  Ecctbn  ol   a 

(8)  Tho  insulation  ot  every  complete  circuit  used  for  the  supplj  ot 
energy,  including  all  inacliinerj,  apparatus,  and  dcTicos  forming  putt 
of  or  in  connection  with  Huch  circuit,  shall  be  so  maintained  that  the 
leakage  current  sbaJl  not  under  an;  condiLloDE  exceed  one- thousandth 
part  of  the  maximum  supply  current;  and  Guituble  means  shall  be 
provided  for  the  immediate  indication  and  localisation  of  leakage. 
Every  leakage  shall  be  remedied  without  delay. 

Every  such  circuit  shal!  be  tested  for  insulation  at  least  once  In 
every  week,  and  the  Undertakers  shall  duly  record  the  results  of  the 
testiugs. 

Provided  that  where  the  Board  of  Trade  have  approved  of  ary  part 
o(  any  electric  circuit  being  connected  with  cartb,  the  provisions  of 
this  regulation  shall  not  apply  to  that  circuit  so  long  as  the  connection 
with  earth  exists. 

(0)  Every  high-pressure  conductor  laid  after  the  date  ot  these 
regulations  shall  be  eontinuously  covered  with  insulating  material  to 
a  thickness  of  not  less  than  one-tenth  part  ot  an  inch,  and  in  cases 
where  the  extreme  difference  of  potential  in  the  circuit  exceeds  2000 
volts,  the  tbickncEB  of  insulating  material  shall  not  be  less  in  inches 
or  parts  ot  an  inch  than  the  number  obtained  by  dividing  the  number 
expressing  the  volts  by  20,000. 

(10)  A  high-pressure  circuit  shall  not  be  brought  into  use  unless 
the  iuaulatioQ  of  every  part  thereof  has  withstood  the  coutiouoaa 
application,  during  one  hour,  ot  pressure  exceeding  tho  maximum 
pressure  to  wbicb  it  is  intended  to  be  subjected  in  use  ;  that  is  to  say, 
in  the  case  ot  every  electric  line  a  pressure  twice  the  said  maximum 
pressure,  and  in  the  case  of  every  machine,  device,  or  apparatus, 
a  pressure  50  per  cent,  greater  than  the  said  maximum  pressure. 

The  Undertakers  shall  duly  record  the  results  ot  each  test, 

(U)  Every  high-pressure  electric  line,  conductor,  or  other  apparatus 
shall  be  protected  by  a  suitable  automatic  quick-acting  cut-o6f. 

Provided  that  it  shall  not  be  incumbent  upon  the  Undertakera  to 
provide  such  a  cutoff  for  the  outer  conductor  of  a  concentric  main 
wbicb  is,  with  the  approval  ot  the  Board  of  Trade,  etUciently  con- 
nected with  earth. 

(12)  In  every  case  where  a  higb-pressuTC  supply  is  transformed 
for  the  purpose  of  supply  to  one  or  more  consumers,  some  suitable 
automatic  and  quick-acting  means  shall  be  provided  to  protect  tha 
consumer's  wires  from  eny  accidental  contact  with  or  leakage  from 
the  high  pressure  system,  either  within  or  without  the  transforming 
apparatus. 

(18)  A  high-pressuire  electric  line  shall  not  be  used  for  the  trans- 
mission  of  more  thoo  300,000  watts,  or  in  the  case  ot  an  iieriol  line 


60,000  watts,  except  with  the  ooneeDt  ia  willing  of  the  Board  c 
Trade,  aod  efficient  means  sball  be  provided  to  prevent  thie  limit  bein^  I 
at  any  time  exceeded. 

(14)  Where  any  portion  of  a.ny  electric  line,  or  firi;  eupport  for  aa-l 
ekctric  line  is  orpoecd  in  such  a  position  as  to  be  liable  to  iojuri 
from  lightning,  it  shall  be  efticiently  protected  against  Buch  injury- 

(Ifi)  Where  any  accident  by  explosion  oi  fire,  or  any  other  accident 
of  such  kind  ob  to  have  caused  or  to  be  likely  to  have  caused  loss  of 
lite  or  persona!  injury  has  occurred  at  any  part  ot  any  electric  line  or 
work,  the  Undertakers  shall  give  immediate  notice  thereof  to  ths  J 
Board  of  Trade. 

Aerial  Line. 

{16}  Every  aerial  line  shall  bo  attached  to  supports  at  intervals  not 
exceeding  200ft.  where  the  direction  of  the  line  is  str^ght,  or 
160ft.  where  the  direction  is  curved  or  where  the  line  wakes  a 
horizontal  angle  at  the  point  of  support, 

(17)  Every  support  for  an  aL'rial  hne  shall  be  of  a  durable  materia], 
and  properly  stayed  againat  forces  due  lo  wind  pressure,  change  ot 
direction  oE  the  line,  or  unequal  lengths  of  span.  The  factor  ot 
safety  shall  be  for  a(.-rial  lines  and  suspending  wires  at  least  6,  and 
for  all  other  parts  of  the  structure  at  least  12,  taking  the  luaxiuiuia 
possible  wind  pressure  at  501b.  per  square  foot.  No  addition  need  be 
made  for  a  poseiblo  accumulation  of  snow. 

Every  support,  if  of  metal,  shall  be  efficiently  eoDnected  with 

(18)  All  Qc'rial  lines  shall  he  attached  to  insulators,  and  sbatl  be  bo 
guarded  that  they  cannot  fall  away  front  the  support.  Condnctors 
covered  with  insulating  material  shall  not  be  attached  to  the  iosulatora 
by  uninsulated  metal  binders. 

(10)  An  aiirial  line  shall  not  in  any  part  thereof  be  at  a  less  height 
from  the  ground  than  20(t.*,  or  where  it  crosses  a  street  85ft., f  ( 
within  Dft.  measured  horizontally,  or  7tt.   measured  vertically  Iran 
any  building  or  erection  other  than  a  support  for  the  line,  except 
where  brought  into  a  building  for  the  purpose  of  supply, 

(20)  Service  lines  from  aiirial  lines  shall  be  led  as  directly  as  possibla  1 
to  insulators   finuly    attached  to    some  portion   of  the   consuEuet's-J 
premises  whicli  is  not  accessible  to  any  person  without  the  u 
ladder  or  other  special  appliance,  and  from  this  point  of  attachment 
they  shall  be  enclosed  and  protected  in   nccordance  with  tbe   subse- 
quent rcgnlations  as   to  electric  lines  on  the  eonsumer's  premises. 
Every  portion  of  any  service  line  which  is  outside  a  building  b' 
within  7ft.  from  the  building  shall  he  completely  enclosed  in  i 
iodia- rubber  tubing. 

*  18ft.  In  tbe  taaa  of  companies  in  the  provinces. 
'      n  tbe  proTint 
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(21)  Where  an  aerial  line  croBaes  a  street,  the  angle  between  the 
line  and  the  direction  o(  the  street  at  the  place  of  croesing  shall  not 
be  lesB  than  60  deg.,  and  the  Epans  shall  be  as  short  as  possible. 

(22)  Where  an  aerial  line  croseea,  or  is  in  proximitj  to,  any  metallic 
Eubstanci^,  precauticus  Eliall  be  taken  by  the  Undertakers  egainEt  the 
pOEEibilily  of  the  lino  coming  into  contact  with  the  metallic  substance, 
or  ot  the  metallic  substance  coming  ioto  contact  with  the  lino  by 
breakage  or  otherwiBe. 

(23;  Every  higfa-presBuTo  aerial  lino  shall  be  efficiently  suspended 
by  means  of  insulating  ligsmentE  to  EuEpending  wires,  so  that  the 
weight  of  the  line  does  not  produce  any  sensible  stress  in  the  direction 
of  its  length.  All  suspending  wires,  if  of  iron  or  steel,  shall  be 
galvanised. 

(24)  In  the  case  of  any  bigb-presEure  aiirial  line  exceeding  one-half 
mile  in  total  length,  means  shall  be  provided  whereby  the  prcEsure 
may  be  discharged  from  any  portion  of  the  line  erected  over  or  along- 
side of  any  building  or  buildings  without  loss  of  time  io  case  of  fire  or 
other  emergency. 

(25)  Every  aerial  line,  including  its  supporle  and  all  the  structural 
parts  and  electrical  appliances  and  devices  belonging  to  or  connected 
with  the  line  thall  be  duly  and  clficicntly  supetviBed  and  maintained 
as  regards  both  electrical  and  mechanical  conditions. 

(26)  An  acria!  line  shall  cot  be  permitted  to  remain  erected  after  it 
has  ceased  to  be  used  for  the  supply  of  energy,  unless  Ihc  Underlakeia 
intend  within  a  reasonable  time  again  to  take  it  into  use. 
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(27)  All  conduits,  pipea,  casings,  and  street  hexes  used  as  recep- 
tacles for  electric  lines  shall  bo  constructed  ol  durable  material,  and 
where  laid  under  carriageways  shall  be  of  ample  strength  to  prevent 
damage  from  heavy  tra£Bc  ;  and  reasonable  means  shall  be  taken  by 
the  Undertakers  to  prevent  accuamlotion  ot  gas  in  such  rceeptaclCEi 

(28)  Where  any  electric  line  crosBes,  or  is  in  proirimity  to  any 
metallic  substance,  special  precautions  shall  be  taken  by  the  Under- 
takers against  the  possibility  of  any  electrical  discharge  to  the  metallic 
BDbstance  from  the  line  or  from  any  metal  conduit  pipe  or  casing 
enclosing  the  line. 

120)  Al!  metal  conduits,  pipes,  or  cabiogs  containing  any  electric 
line  shall  bo  efficiently  connected  with  earth ;  and  shall  be  so  jointed 
and  connected  across  all  street  boxes  and  other  openings  as  to  make 
good  electrical  connection  throughout  their  whole  length, 

(30)  Where  isolated  lengths  of  metal  conduit,  pipe,  or  casing  are 
nsed  for  the  protection  of  any  electric  lino  at  road  crossings  or 
similar  positions,  apeeial  precautions  shall  be  taken  to  prevent  the 
possibility  ot  any  electrical  charging  thereof. 


(81)  Where  the  oonductore  of  electric  lines  placed  in  odj-  conduit  ara 
not  continuously  covered  trith  insulating  material,  they  ahall  bs 
secured  in  position,  and  no  unfixed  uningulated  material  of  a  con- 
ducting nature  shall  be  contained  in  the  conduit.  No  such  condcctor 
shall  be  at  a  higher  potential  than  HOO  toIIe. 

Adequate  precautions  shall  also  be  taken  to  ensure  thai  no  accumu- 
lation ol  water  shall  take  place  in  any  part  at  the  conduit,  and  to 
prevent  any  dangerous  access  of  moisture  to  the  conductors  or  the 
insulators. 

In  the  case  of  any  such  electric  lines  laid  in  conduits  after  the  dale 
oF  these  regulations,  the  inEulatota  shall  be  so  disposed  that  they  con 
be  readily  inspected. 

(32)  Every  portion  of  any  high-pressure  electric  line  placed  abova 
the  surface  of  the  ground,  or  in  any  subway  not  in  the  sole  occupa- 
tion of  the  Undertakers,  shall  be  completely  enclosed  either  in  a  lube 
of  highly  insulating  material  embedded  in  brickwork,  masonry,  or 
cement  concrete,  or  in  strong  metal  casing  efficiently  connected  with 

{SS)  "Where  any  high-pressure  electrio  line  is  laid  beneath  the 
surface  of  the  ground,  efficient  means  shall  be  taken  to  render  it 
impossible  that  the  surface  of  the  ground  or  any  neighhouring  etectria 
line  or  conductor  shall  become  charged  by  leakage  from  the  higb- 
pressure  electrio  line. 

Street  Boxei. 

(34)  la  addition  to  the  provisions  conttuned  in  Begulation  27  aa  to 
the  construction  of  receptacles  for  electric  lines,  the  following  tega]<i- 
tions  shall  bo  observed  with  respect  to  the  construction  of  street 

lai  The  covers  of  all  street  boxes  shall  be  so  secured  that  tbey 
cannot  ho  opened  except  hy  means  of  a  special  appliance 

(i>)  The  covers  of  all  street  boxes  containing  higb-presBore 
apparatus  other  than  cables  shall  be  connected  to  strips  of  roetal 
laid  immeJiately  underneath  the  adjacent  roadway,  and  efficient 
means  shall  be  taken  to  render  it  impossible  that  the  covers  or 
other  exposed  parts  of  these  boxes,  or  any  adjacent  material 
forming  the  surface  of  the  street,  shall  become  electrically 
charged,  whether  by  reason  of  leakage,  defect,  or  otherwise, 

(c)  Where  street  boxes  are  used  as  transformer  chambers,  reason- 
able means  shall  he  token  to  prevent  as  far  as  possible  any  influx 
of  water,  either  from  the  adjacent  soil  or  by  means  of  pipes,  and 
in  the  case  of  any  such  street  box  exceeding  one  cubic  yard  in 
capacity,  ample  provision  sball  he  made,  by  t'entilation  or  other- 
wise, for  the  immediate  escape  of  any  gaa  which  may  by  accident 
have  obtuned  aocess  to  the  box,  and  (or  the  prevention  i 
from  sparking. 
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(d)  All  street  boxes  thaJl  be  regulatl;  inspecteii  for  the  prcseocQ  of 
gas,  acd  if  any  influx  or  acontnulation  is  diaaovcrcd,  the  Under' 
lakers  Bhatl  give  immediate  notice  to  the  authority  or  company 
whose  gas  mains  are  laid  in  the  neighbourhood  of  (he  street  box. 


I 


Travsfomiing  Stations. 

(35)  Ttansforming  stations  or  points  in  a  system  of  distributioD,  in 
which  a  high-pressure  supply  is  ^onsformed  for  the  purpose  of  snpply 
to  coneumors,  and  which  are  not  on  the  consumer's  premifies,  shall  be 
established  in  suitable  places  which  are  in  the  Bole  occupation  and 
charge  of  the  Undertakers. 

Consumer'*  PremUe». 

(36)  The  Undertakers  shall  be  reapoQsiblo  for  all  electric  lines, 
fittings,  and  apparatus  belonging  to  them,  or  under  their  control, 
which  may  be  upon  a  consomer's  premises,  being  maintained  in  a  safe 
condition  and  in  all  respects  6t  for  supplying  energy, 

(87)  In  delivering  the  energy  to  a  consumer's  terminals  the 
Undertakers  shall  exercise  all  due  precautions  so  as  to  avoid  risk  of 
causing  firo  on  the  premises. 

(86)  A  suitable  safety  fuse  or  other  automatic  disconnector  shall  be 
inserted  in  each  service  line  within  a  oonsuiuer's  premises  as  close  as 
possible  to  the  point  of  entry,  and  contained  witbina  suitable  locked  or 
sealed  receptacle  of  fireproof  construction,  except  in  cases  where  the 
service  line  is  protected  by  fuses  in  a  street  box. 

(80)  All  electric  lines  and  apparatus  placed  on  a  consumer's 
premises  shall  be  highly  insulated  and  thoroughly  protected  against 
injury  to  the  insulation  or  access  of  moisture,  and  any  metal  forming 
part  of  the  electric  circuit  shall  not  unless  efEciently  connected  with 
earth  be  exposed  so  that  it  con  be  touched.  All  electric  lines  shall 
be  ao  fixed  and  protected  as  to  prevent  the  possibility  of  electrical 
discharge  to  any  adjacent  metallic  substance. 

(40)  Where  the  general  supply  of  energy  is  a  high  pressure  supply, 
and  transforming  apparatus  is  installed  on  a  consumer's  premises,  the 
whole  of  the  high-pressure  service  lines,  conductors,  and  apparatus, 
including  the  transforming  apparatus  itself,  so  tar  as  they  are  on  the 
consumer's  premises,  shall  be  completely  enclosed  in  solid  walls,  or  in 
BlroQg  metal  casing  efiicieotly  connected  with  earth  and  securely 
fastened  throughout. 

(41)  The  Undertakers  shall  not  connect  the  wires  and  fittings  on  a 
consumer's  premises  with  their  mains  unless  tbey  are  reasonably 
satisfied  that  the  connection  would  not  cause  a  leakage  from  those 
wires  and  6ttinga  exceeding  one  ten -thousandth  part  of  the  maximum 
supply  current  to  the  premises  ;  and  where  the  Undertakers  deolina 
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to  make  BQch  concectioa  they  shall  tttve  upon  tbe  consnmer  a  boUm  | 
Btating  their  reasons  tor  Ho  declining. 

(43)  If  the  Undcctakera  are  reaeonahlj  satisfied,  after  making  all 
proper  exaiuiDatioD  by  testing  or  otherwise,  that  a  leakage  exists  at 
some  part  or  a  circuit  of  such  extent  as  to  be  a  source  of  danger,  and 
that  such  leakage  ilocs  not  exist  at  any  part  of  the  circuit  belonging 
to  the  Undertakers,  then  and  in  such  case  ao;  officer  of  the  Under- 
takers, duly  authorised  by  them  in  writing,  or,  if  the  Undertakers  eo 
require,  an  electric  Inspector,  may,  iot  the  purpose  of  discovering 
whether  the  leakage  CKists  at  any  part  of  a  circuit  nithin  or  upon  an; 
consuuier's  premisea,  by  notice  require  the  conBumet  at  eome  reason- 
able time  after  the  ser^'ico  of  the  notice  to  permit  him  to  uispeet  and 
test  the  wires  and  fittings  belonging  to  the  consumer  and  fonoinf 
part  of  the  circuit. 

In  any  case  where  the  Undertakers  require  the  servicer  i 
electric  Inspector  under  this  regulation  they  shall  pay  him 
prescribed  tee. 

If  on  Buch  teating  the  ofliccr  or  the  electric  Infpector  discovers  & 
leakage  from  the  conBumcr's  wires  exceeding  one-ten-thousaDdth  part 
of  the  maximum  supply  current  to  the  premises,  or  if  the  consumer 
does  not  give  all  due  facilities  for  inspection  and  testing,  the  Under- 
takers shall  forthwith  discontinue  the  supply  of  energy  to  the  premises 
in  question,  giving  immediate  notice  of  (he  discontinuance  to  the 
consumer,  and  shall  not  re-ccmiiience  the  eupply  until  they  ara 
reasonably  satisfied  that  the  leakage  has  been  removed.  This  regula. 
tion  shall  not  aiTect  any  power  contained  in  the  Order  or  otberwisa 
enabling  the  Undertakers  to  discontinue  the  supply. 

(48)  If  any  consumer  fa  diasatisfied  with  the  action  of  the  Under- 
takers in  refusing  to  give  or  in  diacontinuing  or  in  not  re-eonimenciiig 
the  supply  of  energy  to  hia  premises,  the  wires  and  fittings  of  that 
consumer  may,  on  his  application  and  on  payment  ol  the  prescribed   , 
fee,  be  tested  tor  the  existence  of  leakage  by  on  electric  Infpector. 

This  regulation  shall  be  endorsed  on  every  notice  given  nnder  Uwa 
provisions  of  either  of  the  two  last  preceding  regulations. 


Arc  Li'j}iling. 

(44)  All  arc  lamps  ahall  be  so  guarded  as  to  prevent  pieces  of  I 
ignited  carbon  or  broken  glass  falling  trcm  them,  and  shall  not  ba  I 
used  in  situations  where  there  ia  any  danger  of  the  presence  of  I 
explosive  duat  or  gas, 

(45)  Arc  lamps  used  in  any  street  tor  public  lighting  thall  be  to  ^ 
fixed  as  not  to  bo  in  any  part  at  a  leas  height  than  10ft,  from  ths  \ 
ground. 

(46)  Arc  lampa  used  in  any  atreet  for  private  lighting  ihall  be  find  J 
■0  M  not  to  be  in  any  part  at  a  less  height  that  8ft.  from  the  ground, 
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and  Bhall  be  £0  screened  as  to  preveiit  risk  of  contact  with  pcraona.  A 
cut-off  awitcb,  fined  in  a  snitable  locked  receptacle,  sbaJl  be  provided 
for  ever;  bigh*preesure  arc  lamp,  and  such  Gwitch  shall  be  of  Buch 
pattern  and  conatruction  as  will  provide — 

(a)  That  the  lamp  caa  by  its  means  be  entirely  disconnected  from 
the  supply  cironiti. 

(b)  That  the  snitch  itself  can  be  safely  operated  in  the  dark  without 
special  precautiana ;  and 

(c)  That  there  shall  be  no  dEinger  of  an;  injurioua  electrical 
arcing,  sparking,  or  heating  being  caused  by  the  operation  of  the 
switch. 

(47.)  If  the  Undertakers  make  default  in  complying  with  any  ef 
the  preceding  regulations,  they  shall  on  conviction  be  liable  to  a  penalty 
not  exceeding  ^10  for  every  Buch  default,  and  to  a  daily  penalty  not 
exceeding  illO. 

The  recovery  of  a  penalty  under  these  regulations  shall  no* 
affect  the  liability  of  the  Undertakers  to  make  compensatioa  in 
respect  of  any  damage  or  injury  which  may  be  caused  by  reason  of  the 
default. 


>    SUFFICIE-ST    SCPPLY 


(1)  Forty-eight  hours  at  least  before  the  Undertakera  are  ready 
to  commence  to  supply  energy  through  any  feeding,  charging,  or 
distributing  main,  they  shall  give  public  notice  of  their  intention  to 
commence  each  aupply.* 

(2)  From  and  after  the  time  when  the  Undertakers  commence 
to  supply  energy  through  any  distributing  main,  they  shall 
maintain  a  supply  of  sufficient  power  for  the  use  of  all  the 
consumers  for  the  time  being  entitled  to  be  supplied  from 
such  main;  and  such  supply  shall,  eicept  BO  far  as  may  be 
otherwise  agreed  upon  from  time  to  time  between  thef  County 
Council:!  cmd  the  Undertakers,  be  constantly  maintained,  Frovlded 
that,  for  the  purposes  of  testing,  or  for  any  other  purposes 
connected  with  the  efficient  working  of  the  undertaking,  the 
Authority  by  whom  the  electric  Inspector  is  appointed  may  give 
permission  to  the  Uudertakcra  to  discontinue  the  supply  at  such 
intervals  of  time  and  for  such  periods  as  that  Authority  may 
think   expedient.      When    the    supply    is    so    discontinued,  publio 

*  Or  "servo  a  notice  upon  the  County  Council  and  the  Local  Authority  " 
In  the  cose  of  companies  in  London. 

I  Or  "the  Local  Authority  and  the  Undertakers"  in  the  case  of  old  coni- 
paniei  in  the  provinces. 

[  Insert  ■'  the  Local  Authority  "  in  the  case  of  companies  in  the  proi-ioces. 


Standard  Pressure. 


notice  shall  be*  given  of  such  disoontinaaace,  and  of  the  probat 
duration  thereof. 

{3j  The  system  of  distributing  mains  Hh&ll  be  bo  arranged  that  in 
case  it  becomes  neccEaary  to  stop  the  snpply  through  aoy  portion  of 
B  main  for  more  than  one  hour,  for  the  purposes  of  repairs,  or  for 
anj  other  reason,  the  Btoppagc  of  enppl;  wUl  in  no  case  exceed  in 
amoant  a  maximunt  power  of  200,000  n-alts,  or  extend  to  th« 
premises  of  more  than  eighty  consumers,  and  in  the  case  of  every 
stoppage  for  more  than  one  hour  reasonable  notice  shall  be  previously 
given  by  the  Undertakers  to  every  consumer  affected  thereby  except 
in  cases  of  emergency. 

(4j  During  the  whole  of  the  x>eriod  when  a  supply  of  energy  is 
required  to  he  maintained  by  the  Undertalfers  in  the  distributing  maiiu 
under  the  Order  and  these  regulations,  it  ehall  be  nHuntained  at  a 
constant  pressure,  in  these  regulations  termed  the  "  etSLndard 
pressure;"  but  the  standard  pressure  maybe  different  for  dififerent 
portions  of  the  distributing  mains.  Provided  that  the  Undertakers 
shall  be  deemed  to  have  complied  with  the  requirements  of  this 
regulation  so  long  as  the  pressure  does  not  at  any  point  vary  more  than 
2  per  cent,  from  the  corresponding  standard  pressure  in  the  case  of  ft 
general  supply  at  high  pressure,  or  3  per  cent,  in  other  cases 
unless  changes  in  pressure  recur  so  frequently  as  to  cause  unsteadiness 
in  the  supply, 

(6)  The  standard  pressure  shall  he  fixed  by  the  Undertakers,  and 
public  notice  of  the  amount  of  such  standard  pressure  shall  be  given 
before  the  Undertakers  commence  to  supply  energy  to  consumers, 
and  such  standard  pressure  shall  not  he  altered  exccptf  with  the 
approval  of  the  County  Council,  and  upon  such  terms  and  conditions 
tB%  the  County  Council^  may  impose,  and  after  public  notice  has 
been  given,  during  a  period  of  one  month]]  of  the  intention  of  thtt 
Undertakers  to  apply  for  such  approval.  If  the  County  Council  refuse 
to  approve  such  alterations  or  impose  any  terms  or  conditions  with 
which  the  Undertakers  arc  dissatisfied,  the  Undertakers  may  appeal 
to  the  Doard  of  Trade,  whose  decision  shall  he  final. 

"  Provided  that  so  long  as  effect  is  given  to  the  nest  following 

■  "  forthwith  Gorvod  upon  the  Couatj  Council  and  the  Local  Authority  " 
in  the  case  of  old  companies  in  London  ;  or 
provinces. 

f  "  lij  permission  of  the  Board  of  Trade  "  in 
Local  Autboritiea  in  the  provinces. 

-"  Board  of  Trade  "  in  oases  cited  in  (2). 

S  or  "Local  Authority  "  in  the  provinces. 

Il  "  to  the  County  Council "  in  London ;  o 
provinces ;  "  in  such  ma 
may  require.    In  the  ci 
flacee,  read  "  Board  of  Trade," 


"  the  Local  Authority  "  in  tha 
n  schemes  bj  J 


"  the  Local  Authority  "  in  ths  J 
)t  as  the  County  Council  "or  "  Local  Authority  * 
w  schemes  by  Lccal  Authcrities  in  tha  pto-j 
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Tegulation  the  Undertaliera  Bh&ll  not  be  bound,  ander  this  rfgulation 
or  HQj  regulation  corresponding  thereto,  previously  niado,  to  comply 
with  any  condition  which  has  been  or  may  be  imposed  thereunder,  the 
effect  of  which  is  to  prohibit  any  change  in  the  pressure  of  the  supply 
to  any  promises  except  with  the  consent  of  the  consumer." 

(6)  Before  commencing  to  give  a  supply  of  energy  to  any 
consumer,  the  Undertakers  shall  declare  to  such  consumer  the 
constant  pressure  at  which  tbcy  propose  to  supply  energy  at  his 
terminals.  The  pressure  so  declared  at  any  pair  of  a  consumer's 
terminals  shsll  not  at  any  time  be  altered  or  departed  from 
except  io  consequence  of  any  authorised  alteration  of  the  corre- 
sponding standard  pressure,  In  the  case  of  a  transformation 
of  energy  on  the  consumer's  premises,  the  Undertakers  shall 
give  the  consumers  the  choice  of  a  supply  at  either  of  two 
different  pressures,  one  of  which  shall  be  approximately  half  the 
other,  and  in  such  case  the  pressure  so  chosen  by  the  consumei 
shall  be  the  declared  constant  pressure. 

"  But  where  the  consumer  withholds  his  consent  after  the  Under- 
tokers  have  offered  to  comply  with  the  general  terms  and  conditioDS 
imposed  by  the  Lacal  Autharity,*  and,  if  not  required  to  do  so  under 
those  terms  and  conditions,  also  to  pay  the  reasonable  cost  of  or  inci- 
dental to  the  change  (including  compensation  for  any  loss  or  damage 
incurred  in  consequence  of  the  change),  the  Undertakers  may  appeal 
to  the  Hoard  of  Trade,  and  that  Board  may,  if  they  think  fit,  give 
their  consent  to  the  charge  on  such  terms  and  conditions  as  they 
impose,  and  the  consent  of  the  Board  so  given  shall  for  the  purpose 
of    this    regulation    have    the    same   effect   as  the  consent  of  the 


The  Board  of  Trade  may,  if  they  think  it  necessary  in  any  case, 
refer  to  a  single  arbitrator  appointed  by  them  to  determine  vhaC 
terms  and  conditions  it  would  be  proper  to  impose  under  tliis  pro- 
vision in  cose  the  consent  of  the  Board  is  given. 

Any  such  arbitration  shall  be  subject  to  the  like  provisions  aa  an 
arbitration  In  pursuance  of  a  special  Act  under  Part  I.  of  the  Board 
of  Trade  Arbitrations,  kc.,  Act,  1874,  and  shall  also  bo  subject  to  the 
provisions  of  the  Arbitration  Act,  I6S9,  as  if  the  arbitration  were 
pursuant  to  a  submission,  except  that  the  powers  under  the  last- 
mentioned  Act  with  respect  to  the  costs  of  the  reference  and  award 
shalt  be  exercised  by  the  Board  of  Trade  instead  of  by  the 
arbitrator. 

Provided  that  no  change  shall  be  made  in  the  pressure  of  the  supply 
to  any  premises  which  at  the  date  of  these  regulations  are  supplied 

*  Id  the  case  of  Lcc^il  Authorities  In  the  Provinces  read  "  Board  of 
Trade"  instead  of  "Local  Authority,"  and  tn  the  case  of  London  read 
"  County  Council." 
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with  energy  by  the  Undertakers  except  with  the  oonaent  of  the  eon- 
Bumer.* 

(7)  The  variation  of  pressure  at  any  consumer's  terminalB  shall  not 
under  any  conditions  of  the  supply  which  the  consumer  is  entitled  to 
receive  exceed  4  per  cent,  from  the  declared  constant  pressure. 

(8)  If  the  Undertakers  make  default  in  complying  with  any  of 
these  regulations  as  to  supply,  they  shall,  subject  to  the  provisionB  of 
the  Order,  bo  liable  on  conviction  to  a  penalty  not  exceeding  £5  for 
every  such  default,  and  to  a  daily  penalty  not  exceeding  £5, 

These  regulations  are  made  subject  to  the  power  of  the  Board  of 
Trade  to  make  such  further  or  other  regulations  as  they  may  think 
expedient;  and  nothing  in  these  regulations  shall  be  construed  to 
authorise  the  Undertakers  to  lay  any  electric  line  or  work  their  under- 
taking otherwise  than  in  accordance  with  the  Order  and  the  principal 
Act,  or  to  supply  energy  otherwise  than  by  a  system  for  the  time 
being  approved  of  by  the  Board  of  Trade  under  the  Order. 

Those  are  the  regulations  and  conditions  for  securing  the  safety  of 
the  public  and  for  ensuring  a  proper  and  sufficient  supply  of  electrical 
energy,  made  by  the  Board  of  Trade  under  the  provisions  of  tiie 
Electric  Lighting  Acts,  1882  and  1888,  and  of  the 

,  referred  to  in  the  letter  from  the  Board  of  Trade 
to  the  ,  of  the  day  of 

one  thousand  eight  hundred  and  ninety-  ,  and  that  date  shall 

be  deemed  to  be  the  date  of  these  regulations. 


Assistant  Secretary, 

Board  of  Trade 


•  This  proviso  is  deleted  in  now  schemes, 
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ELECTRIC  LiaHTING  ACTS,  1982  to  1890. 

ItOLSa    «ADB    Blf   THE    BoABD    OP   TRADB    WITH    EBaPBCT    TO    APPLIOI- 
TI0K3     FOR    LiCKNCKS    AND     PBonslONAL    OBDBES,     4c. 

Commit  of  Local  Authorities, 

Rule  I. — No  applicabion  for  a  licence  or  for  the  renewal  of  a  licence 
will  be  entertained  unless  proof  of  the  consent  to  such  application  of 
every  local  authority  having  jurisdiction  within  the  proposed  area  of 
supply  is  given  to  the  Board  of  Trade. 

Rule  II. — No  application  for  a.  provisional  order  (other  than  an 
api)lication  from  the  local  authority  of  the  district)  will  be  entertained 
by  the  Board  of  Trade  unleaB  proof  of  the  consent  of  every  local 
authority  having  jiirisdictioa  within  the  proposed  area  of  supply  to  the 
grant  of  the  order,  or  a  request  from  the  applicants  asking  the  Board 
of  Trade  to  dispense  with  the  consent  of  such  local  authorities  as 
have  not  consented  and  giving  the  reasons  for  such  request,  is 
deposited  with  the  Board  of  Trade  within  the  time  limited  for  proving 
compliance  with  the  provisions  of  the  Electric  Lighting  Acts  and 
these  rules. 

Rule  III. — At  the  time  of  proving  the  consent  of  the  local  authority 
to  an  application  for  a  licence  or  renewal  ol  a  licence  or  to  the 
grant  of  a  provisional  order,  the  applicants  must  deposit  with  the 
Board  of  Trade  copies  of  any  agreement  entered  into  with  the  local 
authority  relating  to  such  consent. 

Rule  IV. — Where  the  consent  of  any  local  authority  is  required  to 
any  application  for  a  licence  or  the  renewal  of  a'  liceaoe  or  to  the 
grant  of  a  provisional  order,  such  consent  must  be  given  by  a  resolu- 
tion passed  at  a  meeting  of  the  local  authority  held  after  previous 
notice  of  the  same  and  of  the  purpose  thereof  has  been  given  in  the 
manner  in  which  notices  of  meetings  of  each  local  authority  are 
usually  given ;  and  the  fact  that  such  a  resolution  was  duly  passed 
muat  be  proved  by  a  certificate  signed  by  the  secretary  or  clerk  to  such 
local  authority  reciting  copies  of  the  notice  and  of  the  resolution,  and 
declaring  that  the  notice  was  duly  given  and  the  resolution  duly 
passed. 
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Kotif^i, 


_! 

iot^iding  to 


Rule  V. — Any  local  authority,  company,  or  penton  i 
apply  for  a  licetioe  or  provisional  order  must  at  the  time  of  lodpng 
their  memorial  with  the  Board  of  Trade  in  the  case  of  a  licence,  and 
on  or  before  the  1st  November  in  the  case  of  a  provisional  order, 
give  notice  in  writing  of  their  intended  appUcation  to  every  local 
authority,  company,  or  person  authorised  to  supply  electricity  under 
statutory  powers  within  the  district  to  which  the  proposed  applica- 
tion refers. 

Bule  YI. — Except  in  the  case  of  an  application  by  the  local  authority 
for  the  district  a  provisianal  order  will  not  be  granted  by  the  Board  o( 
Trade  except  to  the  body  or  person  by  whom  the  notice  required 
by  section  4,  sub-section  1,  of  the  Electric  Lighting  Act,  ]862,  was 
given. 

Bale  VII. — In  any  ease  where  a  local  authority,  company,  or 
person  is  required  by  the  Acts  to  give  notice  to  Ibe  local  authority  of 
the  district,  "  in  such  manner  as  the  Board  of  Trade  may  direct  or 
approve,"  such  notice  must  be  given  in  writing,  and  must  be  served, 
either  by  leaving  the  same  at  the  offices  of  the  said  local  aatbority  on 
or  before  the  appointed  day  or  by  forwarding  the  same  by  pos/t  in  k 
regieteied  letter,  so  that  the  same  would  in  ordinary  ooone  of  pa4 
be  delivered  on  or  before  the  appointed  day. 

AppKeation  and  DepotiU. 

Rule  VIII. — Every  application  tor  a  licence  or  provisional  order 
must  be  made  by  memorial  signed  or  sealed  by,  or  on  behalf  of,  tlw 
applicants,  beaded  with  a  short  title  descriptive  ol  the  pro|iosed  under* 
taking  (correijpondlng  with  that  at  the  bead  of  the  adverUserouik 
hereinafter  mentioned,  nee  Rule  XIII.),  addressed  to  the  Board  of 
Trade.  With  the  memorial  must  be  deposited  six  copies  of  the  draft 
licence  or  order,  as  applied  for,  with  the  schedule  or  schedules  (if  im;) 
referred  to  therein. 

Rule  IX. — The  deposited  copies  of  the  draft  licence  or  order  maat 
be  in  print.  They  must  be  printed  on  one  side  only  and  each  scbedals 
aimexed  must  begin  a  new  page. 

The  names  and  addresses  of  the  parliamentary  agents  or  solidtort 
for  the  licence  or  order  must  be  printed  on  the  outside  of  the  draft. 

There  must  be  a  notice  at  the  end  of  the  draft  stating  that  objfio- 
tions  arc  to  be  made  by  letter  addressed  to  the  Board  of  Trada, 
marked  on  the  outside  ol  the  cover  enclosing  it  "Electric  Lighting 
Acta,"  and  that  such  letter  is  to  be  sent  to  the  Board  of  Trade  In  Ibe 
case  of  a  provisional  order  on  or  before  the  15th  January  nozt 
ensuing,  and  in  the  case  of  a  licence  within  two  months  from  tbe  date 
of  the  newspapercontnining  thflirst  advertisement  of  the  application. 


Applications  for  Licence.  515 

and  that  a  copy  of  saeh  objections  is  to  be  forwarded  to  the  p&rlia- 
mentary  agents  or  solicitors  for  tbe  licence  or  order. 
The  draft  must  contain  among  otber  tbings — 

1,  The  address  and  description  of  the  applicants. 

2.  A  description  of  the  proposed  area  of  supply. 

^'3.  A  statement  of  the  purpoaea  for  which  a  supply  is  to  be  ^ven, 
viz.,  any  or  all  of  the  pnblio  or  private  purposes  specified  inseotion  3 
ot  the  Electric  Ligbtiag  Act,  1182. 

*i,  Frovisions  concerning  the  breaking  up  of  streets,  railways,  and 
tramwaya,  where  powers  are  sought  to  be  obttUQed  by  the  licence  or 
order  for  those  purpoaea. 

*6.  Conditions  of  supply. 

"^'6.  Provisions  tar  securing  the  safety  of  the  consumer  and  of  the 
public  from  iojury  by  shock,  Sre,  or  otherwise. 

*7.  Provisions  for  enforcing  the  performance  by  the  undertafaers  of 
their  duties  in  relation  to  the  supply  of  electricity  and  for  the  revoca- 
tion of  the  licence  or  order  where  the  undertakers  fail  to  perform 
such  duties. 

The  applicants  must  also  deposit  a  sufficient  number  ot  printed 
copies  of  the  draft  licence  or  order  at  offices  in  London  and  within  the 
proposEd  area  ot  supply  to  be  specified  in  the  advertisement  herein- 
after mentioned — aee  Rule  Xlll.^auch  copies  to  be  there  furnished  to 
all  persons  applying  tor  them,  at  a  price  ot  not  more  than  one  shilling 

Rule  X. — The  applicants  mast  also  deposit  at  the  Board  of  Trade  a 
published  map  of  the  district  on  a  scale  of  not  less  than  6in.  to  a  mile, 
or  if  there  is  do  pobllBhed  map,  then  the  best  map  procurable,  showing 
the  boundaries  of  the  proposed  area  of  supply,  and  the  streets  in 
which  it  is  proposed  that  electric  Itnea  should  be  laid  down  within  a 
Bpecified  time — 

They  must  also  deposit  a  copy  of  the  sud  map  for  pubjio 
inspection — 

In  England  or  Ireland,  In  the  office  of  the  clerk  of  the  peB<ie  for 
every  county,  riding,  or  division,  and  of  the  local  authority  ot 
every  district. 
In  Scotland,  in  the  office  of  the  principal  aberiff  clerk,  for  every 
county,  district,  or  division,  and  of  the  local  authority  of  every 
district 
in  which  the  proposed  area  of  supply  or  any  part  thereof  is  situate. 

Such  deposits  must  be  made  in  the  case  of  a  licence  when  the 
memorial  is  lodged,  and  in  the  case  ot  a  provisional  order  on  or  before 
the  80th  November. 

*  These  particulars  must  not  be  set  out  at  length  in  draft  orders,  but 
must  bo  provided  tat  by  the  Incorporation  ot  the  Electric  Lighting 
(OUuses)  Act,  1899. 
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Rule  XI.— Tbere  must  also  be  depodtied  with  the  memorial— 

1.  A  list  of  the  local  authorlticB  in  whose  districts  the  area  ofsnpplf  * 
1b  situate, 

2.  A  list  of  the  local  authorities,  componicB,  or  persons  (H  any) 
authorised  to  supply  electricity  under  statutory  powers  within  the 
area  of  euppJy. 

8.  A  list  of  the  streeta  not  repairable  hy  a  ]ooal  authority  and  all 
the  railways  and  tramways  (it  any)  which  the  applicants  propose  to  I 
take  x>owers  to  break  up. 

4.  A  list  of  the  canals  and  navigable  rivers  (it  any)  within  UwJ 
proposed  area  of  supply. 

6,  Id  the  case  of  an  application  by  a  local  authority,  a  statement  a 
particulars  on  the  follovring  points : — 

(a)  The  sums  proposed  to  be  expended  on  the  undertaking  : 

(b)  Whether  it  is  proposed  to  raise  a  loan  for  the  purposea  of 

the  undertaking  : 

(c)  The  present  rateable  value  of  the  district : 
(dj  The  amount  of  existing  indebtedness  and  borrowing  powar 

of  the  applicants  tor  all  purposes ;  and 
(e)  The  amouQt  of  esisting  rates  in  the  pound. 
In  the  case  of  an  application  otherwise  than  by  a  local  anthotitj, 
a  statement  of  the  capital  proposed  to  be  expended  and  employed 
in  connection  with  the  undertaking,  and  the  mode  in  which  snob 
capital  is  to  be  provided. 

6.  It  the  applicants  are  a  company  incorporated  imder  tbe  provisiona 
of  the  CompaQies  Acts,  a  copy  of  the  memorandum  and  articles  of 
association. 

7,  A  fee  of  fSO  by  cheque,  payable  to  an  "Assistant  Secretary  of 
the  Board  of  Trade,"  to  cover  ordinary  expenses.      It,  in  conaequeiiM 
of  inquiries  or  otherwise,  additional  expense  is  incurred,  tbe  amount  - 
will  be  charged  to  the  applicants  and  must  be  paid  by  them  ia  additu 

to  the  ordinary  fee. 


Applications  under  Section  13  of  Eleetrie  Lighting  Aot,  1882. 

Bule  XII. — Where  the  undertakers  under  any  lioenoe,  order,  < 
Special  Act  desire  the  written  consent  of  the  Board  of  Trade  under 
section  18  of  the  Electric  Lighting  Act,  18S2,  to  enable  them  to  break 
up  any  street  not  repairable  by  a  local  authority  or  any  railway  or 
tramway  which  they  are  not  empowered  to  break  up  under  each 
licence,  order,  or  Special  Act,  application  for  such  consent  must  bg 
made  by  memorial,  and  the  memorial  must  specially  request  Bach 
consent,  and  must  describe  accurately  the  street,  railway,  o: 
which  they  propose  to  acquire  power  to  break  up. 


Proeedtire. 

Bcle  XIII. — ApplicoDto  fgr  a  licence  or  proviaional  order  moat 
proceed  as  follows,  subject  in  the  caae  of  b,  licence  to  the  applicatioa 
having  been  previously  entertained  by  the  Board  of  Trade,  vide 
Rule  I.  :— 

The;  must  publish  notice  bj  advertisement  of  their  application, 
OT  in  the  case  of  a  provisional  order,  oi  theti'  intended  applicatiDii, 
■nd  every  such  advertisement  must  contain  the  following  par- 
ticulars : — 

1.  The  objects  of  the  application. 

2.  The  address  and  description  of  the  applicants. 

3.  A  deacription  of  the  proposed  area  of  supply. 

4.  The  names  of  the  streets  in  which  it  is  proposed  that  electric 
lines  should  be  laid  down  withio  a  specified  time. 

5.  A  list  of  the  streets  not  repairable  by  a  local  authority  and  of 
the  railways  and  tramways  (if  any)  which  the  applicaats  propose  to 
take  powers  by  the  licence  or  order  to  break  up. 

6.  The  address  of  an  office  in  London,  and  another  office  within 
the  proposed  area  of  supply,  at  which  printed  copies  of  the  draft 
licence  or  order  when  applied  for,  and  of  the  Ucence  or  order  when 
made,  can  be  obtained  at  a  price  of  not  more  than  one  sbiUing  each. 

The  advertisement  must  be  headed  with  a  short  title,  descriptive 
of  the  undertaking  (corresponding  with  that  at  the  head  of  the 
memorial),  and  it  must  state  that  every  local  or  other  public  authority, 
company,  or  person  desirous  of  bringing  before  the  Board  of  Trade  any 
objection  respecting  the  appUcation  must  do  so  by  letter  addressed  to 
the  Board  of  Trade,  marked  on  the  outside  of  the  cover  cncloGing  it, 
"  Electric  Lighting;  Acts,"  in  the  case  of  a  provisional  order  on  or 
before  the  15th  January  next  ensuing,  and  in  the  case  of  a  licence 
within  two  months  from  the  date  of  the  newspaper  containing  the 
first  advertisement,  and  that  a  copy  of  such  objection  must  also  be 
forwarded  to  the  parliamentary  agents  or  solicitors  for  the  Ucence  or 

The  adverUsement  must  be  inserted  once  at  least  in  each  of  two 
successive  weeks  in  one  and  the  same  newspaper,  published  and 
circulating  in  the  proposed  area  of  supply,  or  in  such  other  newspaper 
AB  the  Board  of  Trade  may  direct ;  and  once  at  least  in  the  London, 
Edinburgh,  or  Dublin  Gazette,  accordingly  as  the  proposed  area  of 
supply  is  situate  in  England.  Scotland,  or  Ireland. 

Role  XIV.— If  any  local  or  other  public  authority,  company,  or 
person  desires  to  bring  before  the  Board  of  Trade  any  objection 
respecting  an  application  for  a  licence  or  a  provisional  order,  tboy 
must  do  so  by  letter  addressed  to  the  Board  of  Trade,  marked  on  tho 
outside  of  the  cover  enolosing  it,  "Eleotrio  Lighting  Acts,"  in  the 
oaaa   of   a  proviaional  Older  on  or  before  the  ICth  January  next 
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eneniog,  and  in  the  CB.Be  of  a  licence  within  two  months  from  the' 
date  of  the  newspaper  oontaining  the  first  advertiseuient  of  tbe 
application.  A  copy  of  the  objection  must  also  be  served  apon  the 
porliauieiitary  agents  or  solicitors  for  the  licence  or  order.  If  any 
local  or  other  public  authority,  compajiy.  or  person  desires  to  have 
any  cUases  or  other  auendiuetits  inserted  in  tbe  licence  or  order> 
they  must  deliver  tbe  same  to  the  Board  of  Trade,  and  also  to  the 
parliamentary  agents  or  solicitors  for  the  licence  ot  order,  oo  or  before 
tbe  time  limited  for  bringing  obiections. 

Rule  XV.^When  a  licence  or  provieional  orderbaa  been  granted  by 
the  Board  of  Trade  and  delivered  to  the  applictuits,  they  must  forth- 
with deposit  printed  copies  for  public  inspection  in  the  offices 
specified  in  Rule  X.,  and  must  supply  copies  to  all  persons  applying 
for  the  same,  at  a  price  of  not  more  than  one  shilling  each,  and  must 
further  publish  the  same  as  the  Board  of  Trade  may  direct. 

Rule  XVI. — Where  in  a  licence  or  provisional  order  granted  by  the 
Board  of  Trade  a  deposited  map  is  referred  to,  the  promoters  must 
within  one  month  from  the  grant  of  the  hcence  or  order  deposit  at  the 
Board  of  Trade  a  published  map  on  a  scale  of  not  less  than  six  inches 
to  a  mile,  or  if  there  is  no  published  map  then  the  best  map  procurable 
showing  tbe  area  of  supply  coloured  to  correspond  with  the  description 
in  the  licence  or  order.  The  map  must  be  mounted  on  linen,  and  must 
be  certified  as  correct  as  regards  their  respective  districts  by  the  clerk 
or  surveyor  to  every  local  authority  having  jurisdiction  within  the 
of  supply. 
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Rule  XVII. — In  the  case  of  provisiotiat  orders  the  following 
additional  regulations  must  be  observed : — 

1.  The  advertisements  must  be  inserted  in  October  or  November. 

2.  A  copy  oE  tbe  advertisement  must  be  deposited  on  or  befora 
the  30th  November  at  the  Board  ot  Trade  and  at  the  offices  specified 
in  Rule  X. 

B.  The  memorial  must  be  lodged  on  or  before  2Ist  December. 

4.  The  parliamentary  agents  or  BoUoitors  for  the  order  must  b« 
prepared  to  prove  compliance  with  tbe  provisions  of  tbe  Acta  and 
these  rules  by  the  15th  January,  and  all  such  proofs  must  be  completed 
on  or  before  tbe  22od  February.  Six  days'  notice  will  be  given  ot  the 
day  aod  hour  at  which  such  agents  or  solicitors  are  to  attend  tor  tha 
purpose  at  the  Board  of  Trade,  and  printed  forms  of  proof  will 
accompany  the  notice.  These  forms  must  be  filled  up  and  brought 
with  tbe  requisite  documents  to  the  Board  of  Trade  at  the  time  fixed 


fl 


torn 


iving  proof. 


The  Board  ot  Trade, 
80th  July,  1900. 


COURTENAY    BOYLE, 

Secretiu^. 
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NoTB. — When  applioatdons  for  provisional  orders  authorising  the 
supply  of  electricity  within  the  district  of  any  local  authority  are 
received  by  the  Board  of  Trade  from  such  local  authority,  and  also 
from  any  other  authority,  company,  or  person,  the  Board  of  Trade  will 
give  a  preference  to  the  application  of  the  local  authority  of  the 
district  in  every  case  where,  in  the  opinion  of  the  Board  of  Trade, 
no  special  circumstances  exist  which  render  such  a  preference 
inexpedient. 

In  cases  of  applications  for  a  licence,  renewal  of  licence,  or 
provisional  order,  to  which  objection  is  made  by  any  person  locally 
interested,  the  Board  of  Trade  wiU,  if  they  consider  it  expedient,  hold 
a  local  inquiry,  of  which  due  notice  will  be  given. 

These  Rules  are  in  addition  to  any  requirements  relating  to  applica- 
tions for  provisional  orders  which  are  contained  in  the  Standing  Orders 
of  Parliament. 
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APPENDIX  III. 


PBOTIBIONAL    OBDEB. 

(SESSION  .) 

PROVISIONAL  ORDER 

QK4HTBD    BT   THB   BOAKD   OF   TRASB    UKDBR   TBB    ElBCTBIC     lilOBTtMa 

Acts.  1862  *nd  1888*  to  (name  0/  Undertaken} 

[name  of  borough  or  dittricl  in  which  the  atta 
of  supply  i*  situated). 

1.  This  Order  may  be  cited  aa  tbe 
Electric  Lighting  Order,  19    . 

2.  The  proviaions  contaiaed  in  the  Schedule  to  the  Electric  Lightiag 
(Clauses)  Act,  1890  (with  the  exception  of  eectiona  B3  and  84  ol  that 
schedule)!,  are  incorporated  with  and  fonn  part  of  this  Order. 

3.  The  Undertakers  for  the  purposes  of  this  Order  and  witbia  tha 
meaning  of  section  2  of  the  Schedule  to  the  Electric  Lighting  (Claoaea) 
Act,  18S2,  are  thoj 

4.  The  area  of  supply  for  the  purpose  of  this  Order  &Dd  within 
the  meaning  of  soctian  4  of  the  schedule  to  the  Electric  Lighting 
(ClauBea)  Act.  1891),  shall  be  the  area  which  ia  described  io  the  Pint 
Schedule  to  this  Order,  and  is  more  particularly  delineated  on  th« 
map  depasitad  together  with  this  Order  at  the  Hoard  of  Trade 
hy  the  Undertakers,  and  aigned  by  an  assistant  secretary  to  the  Board 
of  Trade. 

G.§  Subject  to  the  provifiiona  incorporated  with  this  Order,  the 
Undertakers  are  apecially  authorised  by  this  Order  to  break  up  the 
atreeta  not  repairable  by  the  local  authority  which  are  mentioned  in 
the  Second  Schedule  to  this  Order,  and  the  railwaya  and  tramways 
which  are  also  mentioned  ia  that  Schedule. 

*  In  Scotch  Orders  add  "  andthe  Elcctrio  Lighting  (Bootlaud)  Act,  1890." 

i  la  Scotch  Orders  section  S4  only,  in  Irish  Orders  section  83  only  most 
be  excepted. 

I  A  aempany  registered  under  the  Companies  Acts  should  be  so  desoiibed, 
and  the  address  of  the  registered  office  should  bo  added. 

fi  See  section  13  ol  the  Schedule  to  (he  £lleatric  Iiighting  (dauoM] 
Act,  1699.  ' 
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0.  The  streets  and  parts  of  streets  thronghoat  which  the  Under- 
takers are  to  lay  down  suitable  and  sufficient  distributing  mains  for 
the  purposes  of  general  supply  within  a  period  of  two  years  after 
the  commencement  of  this  Order,  as  mentioned  in  section  21  of  the 
Schedule  to  the  Electric  Lighting  (Glauses)  Act,  1899,  are  those  men- 
tioned in  the  Third  Schedule  to  this  Order. 

7.  The  maximum  prices  which  may  be  charged  by  the  Under- 
takers as  mentioned  in  section  82  of  the  Schedule  to  the  Electric 
Lighting  (Glauses)  Act,  1899,  are  those  stated  in  the  Fourth  Schedule 
to  this  Order. 

S,*  The  sum  to  be  deposited  or  secured  in  pursuance  of  section  5  of 
the  Schedule  to  the  Electric  Lighting  (Glauses)  Act,  1899  is 

pounds. 

9.  This  Order  shall  come  into  force  upon  the  day  when  the  Act 
confirming  this  Order  is  passed,  and  that  day,  for  the  purposes  of  the 
Electric  Lighting  (Glauses)  Act,  1899,  shall  be  the  commencement  of 
this  Order. 

[N.6. — Where  an  Order  is  granted  to  a  Gompany  or  person 
having  overhead  wires  already  installed,  a  clause  will  be  inserted 
providing  for  their  removal  except  in  special  circumstances.] 


FIRST    SGHEDULE. 
f  Area  of  supply — 

SECOND   SGHEDULE. 

List  of  streets  not  repairable  by  the  local  authority,  railways,  and 
tramways,  which  may  be  broken  up  by  the  Undertakers  in  pursuance 
of  the  special  powers  granted  by  this  Order. 

(a)  Streets: 

(b)  Railways:]: 

(c)  Tramways : 

*  This  provision  is  not  required  in  the  case  of  an  Order  granted  to  a 
local  authority. 

t  Where  the  area  of  supply  oonsistB  wholly  of  recognised  areas  of 
Government,  such  as  boroughs,  districts,  or  parishes,  it  will  be  described 
accordingly.  In  other  oases  detailed  boundaries  must  be  inserted,  and  a 
provision  added,  that  in  case  of  difference  between  the  description  in  the 
Schedule  and  the  area  as  delineated  on  the  deposited  map,  the  latter  is  to 
prevail. 

}  In  ordinary  cases  the  level  crossings  must  be  specified.  In  the  case 
of  a  light  railway  or  other  railway  running  along  the  highway  on  the  level, 
the  length  and  position  of  the  ndlway  must  be  described. 
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THIRD  SCEEDCLE. 

List  of  BtreetB  and  porta  of  streeta  tbroughoat  which  tfaa  Undmv 
takers  are  to  lay  down  suitable  and  sufficient  diEtciboting  mains  for 
the  purpoEeB  of  general  supply,  within  a  period  of  two  years  after  Ihe 
oommeD cement  of  this  Order— 


FOURTH  SCHEDULE. 
Maxihdm    Pbicbs. 
In  this  schedule — 
The  expression  "unit"  shall  mean  the  energy  contained  i 
current  of  one  thousand  amperes  Sowing  under  an   eJectra-J 


motive  force  of  a 


8bi:ti 


Where  the  UodertakerE  charge  any  consumer  by  the  actual  amount 
of  energy  supplied  to  hlin,  they  ehall  be  entitled  to  charge  bim  at  the 
following  rates  per  quarter  : — For  any  amount  up  to  twenty  unitSi  tea 
shillings ;  and  for  each  unit  over  twenty  units,  sixpence. 

Where  the  Undertakers  charge  any  consumer  by  the  eleotdeil 
quantity  contained  in  the  supply  given  to  hiiu,  they  shall  be  entilled 
to  charge  him  according  to  the  rates  set  forth  in  section  1  of  this 
schedule,  the  amount  of  energy  supplied  to  biiu  being  taken  to  be  the 
product  of  that  electrical  quantity  and  the  declared  pressure  at  the 
consumer's  terminals,  that  is  to  say,  such  constant  pressure  at  thosa 
terminals  as  may  be  declared  by  the  Undertakers  under  the  Board  ol 
Trade  regulations. 


MODEL    DESCRIPTIONS    OP    ELECTRICITY    SUPPLY 
SYSTEMS. 
NoTB. — Tht  parts  which  are  itiajipUcablc  ihauld  be  ilruek  i 

(1)  A  continuous  current  direct  supply  at  a  constant  pressure  a 
exceeding volts. 

(2)  A  continuous  current  direct  supply  at  a  constant  pressure  ool 

exceeding volts  across  the  outer  conductors  of  a  three-wire 

system,  the  intermediate  conductor  being,  with  the  approval  of  the 
Board  oJ  Trade,  connected  with   earth  at  the  generating  station,  buk  I 
insulated  at  all  other  parts. 

(8)  A  high-pressure  continuous  current  supply  at  a  pressure  noftfl 

exceeding volts  to  sub-stations  from  which  will    be    givan 

[here  qui/te  (Ij  or  (2),  anU  detcfilie  mudti  o/  tranafomialton] , 
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(4)  A  high-pressure  alternating  current phase  supply  at  a 

frequency  of  not  less  than complete  periods  per  second ,  and 

at  a  pressure  not  exceeding volts  to 

(a)  transformers  placed  in  street-boxes ; 

(or)  in  sub- stations ; 

{or)  in  some  cases,  on  consumers'  premises,  but  mainly  in 
sub-stations : 

(or)  (b)  rotary  converters,  placed  in  sub-stations. 

(5)  The  sub-stations  will  be  erected  above  ground  wherever  pos- 
sible, but  where  necessarily  under  ground,  they  will  be  constructed  in 
accordance  with  plans  submitted  to  the  Board  of  Trade,  and  the 
maximum  power  supplied  to  any  such  sub -station  will  not  exceed  75 
kilowatts  without  the  written  consent  of  the  Board  of  Trade. 

(6)  From  the  transformers  or  rotary  converters  distributing  mains 
will  be  laid  for  an  alternating  current  supply  at  a  frequency  of  not  less 

than complete  periods  per  second,  and  at  a  constant  pressure 

not  exceeding volts  or  for  [quote  (1)  or  (2)]. 

(7)  The  maximum  power  supplied  to  any  transformer  placed  singly 
in  a  street-box  will  not  exceed  80  kilowatts,  and  the  vacant  space 
within  the  box  will  be  so  restricted  as  to  prevent  danger  from 
explosion. 

(8)  The  metallic  portions,  other  than  the  conductors,  of  every 
transformer  will  be  efficiently  connected  with  earth. 

(9)  At  all  times  when  the  power  supplied  to  any  rotary  converter  in 

any    sub-station    exceeds kilowatts,    an    attendant   will    be 

constantly  on  duty  in  that  station. 

MAINS. 

The  feeder  mains  to  sub-stations  will  be 

The  distributing  mains  of  the  low-pressure  network  will  be 

insulated 

lead  sheathed 

steel  armoured 

laid  directly  in  the  ground 

separate 

concentric  throughout,  the  external  conductor  being,  with  the 
approval  of  the  Board  of  Trade,  connected  with  earth  at  the 
generating  station,  but  insulated  at  all  other  parts. 

two-core 

three-oore 

drawn  into 

laid  in 

pipes 
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condnitB 

troaghs 

filled  in  solid  with 

bare  conductors  sapported  on  insulators  in  oonorete  oondoiti. 

Where  the  mains  cross  roads  they  will  be  drawn  into  iron  pipes. 

Efficient  means  will  be  taken  to  keep  all  pipes  and  ocmdnite  iree 
from  water  and  gas. 

All  test  and  joint-boxes  and  transformer-boxeB  will  be  of  metal 
which  will  be  in  good  electrical  connection  with  the  Mrmoming  of 
the  mains  on  each  side. 
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I  WBioar  OF  Oil  Burnbd  pbb  Hook 
F  TBB  TiMB  OccupiBD  IN  BoKNiNa  Tbn  Obahhbs. 
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APPENDIX  [V.  (continued). 

Table  for  Finding  thb  Bate  of  Consumption  of  Sperm  by  Two 
Candles  in  Ten  Minutes  from  Observation  of  the  Time 
Required  to  Burn  40  Grains, 
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ADDENDA. 


Since  the  account  of  the  Scott-Snell  self-intensifying 
system  was  written,  the  author  is  informed  tliat  in  the 
latest  type  of  the  Scott-Snell  lamp  the  gas  supply  is  not 
interfered  with,  that  is,  the  gas  is  burned  under  normal 
conditions  entirely.  A  combination  gas  and  air  nipple  is 
used  which  admits  the  compressed  air  in  parallel  jets  to  the 
gas  jet;  together  these  blow  into  tlie  burner  tube,  drawing  in 
additional  air  as  in  the  ordinary  Bunsen  burner.  The  motions 
and  functions  of  the  various  parts  of  the  lamp  I'emain  the 
same,  but  the  suction  and  inlet  valve  draws  air  from  the 
surrounding  atmosphere  instead  of  gas  from  the  main. 
This  improvement  dispenses  also  with  the  special  reverter 
or  gas  controller  formerly  in  the  l)ase  of  the  nipple.  By 
making  the  displacer  and  the  vessel  within  whicli  it 
operates  in  the  shape  of  cylinders,  it  has  been  found  to 
increase  the  radiation  at  the  upper  or  cool  end  sufficiently 
to  enable  the  water  formerlv  used  in  connection  with  the 
lamp  to  be  dispensed  with. 


CINCINNATI,  OHIO,  APEIL  Ist,  1901. 


I  oach 

)r  1000    ItemarkH  of  the  Committeo  on  the 
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Most  remarkable. 
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OpiniuQ  of  Local  Superintendent. 


Arc  lamp  bett  for  the  badness  part  of  the  City. 


Cost  of  inspectors  for  these  =  5640  dollars  per 
annam. 

Intends  to  gradaally  replace  all  gas  lamps  with 
electric  arc  lampsL  Cost  of  lighting  per  mile  of 
street  10%  more  with  gas  than  by  arc  lamps. 


Price  of  Welsbach  onl^  temporary.    If  these  ar* 
adopted  price  will  be  mcroased. 


Inclosed   arc   lampM   superior,  and  are  gradnally 
replacing  the  open  arcs.    Gasoline  burners  nnlv 
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round, 
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Compftring  the  16  o.p. 

Inoandesoent  Electrio  Lamp 

with  a  16  or  16  o.p. 

Flat>flame  Ga^  Burner, 

do  you  find 

the  light  from  the 

former  as  diflfudTe  as  the 

Utter! 


GENERAL  REMARKS. 


No.  We  should  prefer  two 
8  0^.,  if  the  limit  of  o.p. 
is  fixed,  but  I  think  three 
8  c.p.  as  described  ex- 
tremely good  for  diffusion. 

Hare  no  inoandesoent  elec- 
tric street  lamps  under 
50o.p. 


f. night 


2    i 


10-6 
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f  Painting  Is.  2d.  per  lamp  extra. 


I 


The  most  noticeable  feature  of  Chelsea  is  the 
irregularity  in  the  distance  between  the  lampa. 
Were  the  lighting  of  the  Borongh  reK)rganSBed 
and  lamp-posts  fixed  at  proper  intervals  a  great 
improvement  in  the  lighting  wonld  ensue. 

The  150  arcs  first  in  use  are  charged  at  £19 10s. 
per  annum  each ;  the  next  60  at  £17  10s.,  the 
next  100  at  £16,  and  the  remainder  and  those 
to  be  added  at  £14  10s.  each  per  annum. 
Experience  with  incandescent  gas  lampe  (parti- 
cularly No.  8  burners)  not  whoUy  favourable. 
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Aro  lighting  is  undoubtedly  the  best^  but  in 
narrow  streets  where  there  are  many  streets 
intersecting  the  number  of  aro  lights  required 
would  be  too  numerous.  Welsbaeh  lamps  will 
be  greatly  extended  this  year,  those  mentioDed 
ha^ig  been  only  put  up  as  a  trial. 
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Compariog  the  16  c.p. 

[DcandoMetit  Electric  Lam^ 

with  A  15  or  16  o.p. 

Flat- flame  Gas  Bamer, 

do  you  find 

the  light  from  the 


c;eneral  remarks. 


Id  Guildford. 


vu|»pij  ■xAnuytuaj' 


The  coet  of  current  is  the  chief  item.  We  prefer 
the  open-type  direct-current  arc  lampe,  owing 
to  their  greater  efficiency  in  watts  per  candle 
power. 
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Yei. 


uri- 
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12 


rbe  Council  have  recently  decided  to  alter  the 
whole  of  the  flat-flame  burners  to  incandescent 
gas  burners  consuming  3^  cubic  feet  per  hour, 
and  arrangements  are  now  being  made  for  the 
necessary  alterations  to  lanterns,  fittings,  ftc. 


Vll  street  lamps,  including  arcs,  are  lighted  all 
night.  The  glow  lamps  are  switched  on  and 
off  by  an  automatic  switch  worked  by  the 
current  supplied  to  the  arc  lamps  which  are  in 
three  circuits,  rectified  current,  supplied  from 
the  electricity  works. 


i'es,  and  more  so  in  storm)  Ordinary  flat- flame  gas  burners  are  used  for  street 
weather  when  gas  flames     lighting  generally, 
are  unsteady. 


Not  in  the  c»pen  air 


rhe  flat- flame  burners  are  being  altered  to  incan- 
descent at  the  rate  of  20  per  week,  three-l^ht 
clusters  being  substituted  for  Victorias,  and 
fiye-light  clusters  for  Lambeths.  **C"  burners 
are  used. 


IPS. 


Comparing  the  16  c.p. 
[noandeaoent  Elaotric  Lam) 
with  a  15  or  16  o.p. 
Flai-flama  Gas  Burner, 
Height   >  do  you  find 

from  the  l%ht  from  the 

Uround.      former  aa  difforiTe  as  tho 
Feet.  Utter  ? 
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mps 


11 


Ves. 


lirighton  system  of  charging,  5d.  for  400  boon 
at  maximum  demand,  1^.  after.  Now 
erecting  fifty  more  10  ampere  open-typo  ana 
in  one  of  the  main  thoronghfarea  uiouffh 
which  electric  trams  ron  and  centre  pOMa 
used. 

Our  present  installation  of  sas  lighting  with  tha 

•  Welsbach  mantles,  which  has  beisn  in  opaimtioD 
I  three  or  four  years,  is  highly  satisfaofeorj. 
j  There  is  no  probabiliW  of  any  laige  aztan- 
I    sion  of  the  electric  lighting  in  the  streets  at 

present. 
I 

*  242  arcs  for  street  lighting,  seTenteen  for  Ughi- 
■    ing  sea  front,  and  fire  for  lighting  wharfis. 


This  town  was  the  first  in  the  kingdom  to  adopi 
incandescent  gas  lightinff  as  a  whole.  Tba 
result  has  been  most  satinactory. 

The    Welsbach    incandescent    gsH    lam^ts    will 
j    orentually  be  used  throughout  tho  town,  bdbag 
appreciated    for   tho   greater   briUianoy   and 
,    brighter  ap|K>arance  of  the  streets  when  lit. 


i  ^ith  clean  lamps  and  good 
burners  the  electric  has  a 
slight  advantage.  With 
white  reflectors  it  has  a 
considerable  adrantage. 
Such    efficient    reflectors 

.  cannot  be  used  with  flat- 
flame  burners. 


Glow  lamps  on  from  midnight  till  6  a.ro.     Incan- 
descent gas  system  being  extended. 


Also  tweWe  Kitson's  iwtroleum  lamps,  1000  o,p» 
50  yards  apart ;  15ft.  high. 
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Condactors,  Parallel,  880 
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Crystal  Palace  Exhibition,  1882-3, 

187 
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Duty  of  Gas  Burners,  186,  188 


ECONOMISER,  Gas,  Bray's,  208 
Edison  and  Swann  Lamp,  4 
Effi'^.iency  of  Electric  Lamps,  411, 

418,  420 
Electric  Arc,  First  Produced,  1 
Electric  Generators,  841 
Electric  Lamp,  Licandescent,  877, 
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tometer, 59 
Heat,  Effect  on  Make  of  Coal  Gas, 

104 
Heat  Produced  by  Various  Lights, 

426 
Heat,    Red,   &c.,   Temperature   of, 

105 
Heating  Power,    Electrical   Rates 

for,  454 
Heating  Value  of  Coal  Gas,  318 
Hefner-Alteneck's       Amyl-acetate 
Lamp,  43 
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Henry,  Dr.  W.,  8 

Herschel's  Photometry,  22 

Hesketh,  Mr.  T.,  on  Enclosed  Arc 
Lamps,  415 

High-pressure  Incandescent  Bur- 
ners, 280,  244,  245,  et  seq, 

Holophane  Globes,  406 

Holophometer,  Harcourt's,  72 

Horizontal  Kays  of  Light,  68 

Huyghen's  Tube,  22 

Hydrogen,  Calorific  Value  of,  819 

ILFORD,  470 
Illuminating  Effect,  402 
Illuminating  Power  Meter,  Sugg's, 

92 
Illuminating  Value,  402 
Illuminating  Value  of  Coal    Gas, 

79,  107 
Illumination,  Interior,  400 
Improved  Methods  of  Lighting  by 

Gas,  808 
Incandescent  Gas  Lighting,  220 
Incandescent  Electric  Lamps,  877, 

418 
Indices,  Meter,  184 
Induction,  888 

„  Motors,  869 

Intensified  Gas  Lighting  Co.,  288 
Intensified  Gas  Lighting,  Lucas', 

246 
Intensified  Gas  Lighting,   Sugg's, 

287 
Intensified    Gas    Lighting,   Wels- 

bach's,  280 
Interior  Illumination,  400 
Inverse  Squares,  Law  of,  20 

JANDUS  Arc  Lamp,  415 

Jet  Photometers,  Gibbons'  and  Mc- 

Ewen's,  90 
Jet  Photometers,  Lowe's,  87 
Joly,  Prof.,  Spermaceti  Blocks,  24 


KAPP,  on  Illumination,  405 
Keats'  Sperm  Lamp,  85 
Kern  Burner,  226 
King's  Gauge,  81 
King's  Photometer,  28 
Kitson  Light,  260 


LAMBETH  Lamp,  240 

Lamp  Governors,  270 

,,  „  Apparatus      for 

Testing,  278 

Lamps,  Incandescent  Electric,  877 
I         n      in  Series,  885 

Lane,  Denny,  on  Electricity,  2 
'  Lanthanum,  228 

Leeson's  Star  Disc,  28 

Lenz's  Law,  889,  845, 880 

Lewes,  Professor,  Analysis  of  Coal 

Gas  by,  107 

I 

Lewes,   Professor,  on    Oxygen   in 

Coal  Gas,  110 
IjBwIs'  Incandescent  Burner,  220 
Light,  Angular  Rays,  69,  416 
Distribution  of,  898,  416 
a  Form  of  Energy,  1,  420 
Horizontal  Rays,  68 
Loss  of,  by  Reflection,  64 
Measurement    of    Angular 

Rays,  62 
Sources  of,  18 
Lighting,  Comparative  Statement 

of  Cost  at  Liverpool,  814 
Lighting,     Effect     of     Improved 

Methods,  808 
Lighting  Rates,  458 
Lighting  Table,  Sugg's,  297 
Lights,  Comparison  of  Cost,  428, 
425,  426,  491 
Heat  Produced  by,  426 
Lines  of  Force,  829 
Liverpool,  Comparative  Statement 
of  Cost  of  Pablic  Lighting,  814 
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Liverpool,  Cost  of  Light  in,  226, 

809, 310, 811,  812 
Liverpool,  Public  Lighting  of,  225, 

804,  et  8€q, 
Llandafif,  Bishop  of,  7 
Lowe's  Jet  Photometer,  87 
Lucas'  Intensive  Gas  Lamp,  247 
Luminosity,  15 

„  of  Flame,  101 

Lux,  the,  401 


MacKEAN'S  Researches  on  Man- 
tles, 224 
Magnetic  Field,  829,  884 

„        Poles,  329 
Mains,  Electrical,  477 
Marie's  Obscuration  Method,  21 
Market  Burners,  204 
McMinn's  Disc  Holder,  25 
Measurement  of  Current,  889,  892 
Measurement  of  Light,  18 
Merritt,  Mr.,  12,  420 
Meter  Index,  160,  184 
Meter,  Testing,  79,  80 
>reters,  146 

Compensating,  173 

Dry,  Early  Forms  of,  146 

„     Modern,  152 
Portable    Standard     Test, 

285 
Prepayment,  169 
Public  Lamp,  283 
Testing,  147,  179 
Wet,  162 
^Fethane,  Calorific  Value  of,  819 
Methane,   Illuminating    Value    of, 

107,  108 
Methven,  J.,  on  Candles,  28  ct  scq. 
,,    Standard  Screen,  37 
,,    on   Moisture  in    At- 
mosphere, 109 
Metropolitan  Gas  Referees'  Report 
on  Burners,  189 
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Miller  and  Co.,  on  Candles,  27 

Minkelers,  Prof.,  7 

Moisture  in  Atmosphere,  Effect  on 

Flames,  108 
Moonlight,  405 
Moore,  G.  E.,  828 
Motive  Power,  Electrical  Rates  for 

454 
Motors,  Armature  and  Field  Mag- 
nets of,  870 
Electro-,  864 

„       Connections,  897 
Induction,  869 
Self- starting,  868 
Multi  •  coil      Alternating  •  current 

Generator,  848 
Multiphase    Alternating    Current, 

351 
Multiple  Coils,  Action  of,  850 
Murdoch,  Mr.,  8 

„  ,,    Standard  Used  by, 

85 
Musgrave's    High-speed    Engines, 
466 
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NAKANO,  Mr.,  420 
Naphthalene,    Illuminating    Value 

of,  107,  219 
Needle  Governor  Burners,  Peebles', 

206 
Nernst  Lamp,  425 
Nichols,  Prof.,  12,  14,  16,  420 
Non -regulator  Burners,  203 
Nottingham,  Average  Meter  System 

at,  278,  287 
Nottingham  Electric  Lighting,  454 


OHM,  Dr.,  Law  of,  383 
Ohm,  The,  882 
Orange  Heat,  105 
Oven  Burners,  204 
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PARAFFIN  Candle,  84 

Parallel  System,  486 

Peebles'  Needle  Governor  Burners, 

206 
Pentane    Argand,   Dibdin's,  88,  et 
seq, 
Galorifio  Value  of,  819 
Lamp,  Harcourt's  One- 

candle,  86 
10  -  Candle  Lamp,  Har- 
court's,  42 
Petroleum,  Cost  of  Light  by,  425, 

426 
„  Incandescent  Lighting 

by,  260,  425 
Photometer,  Canadian,  47 

Closed,  Evans',  48 
Harcourt's    Holopho- 

tometer,  72 
Harcourt's  Table,  49, 

et  8eq. 
Hartley's,  59 
Jet,  87 
King's,  46 
Letheby's,  46 
Portable,  Dibdin's,  58 
Radial,  Dibdin's,  64 
Sugg's  Travelling,  74 
The  Imperial,  49 
Tooley-street  Pattern, 

47 
Trotter's,  76 
Photometers,  45 

Photometry,.  21 

Radial,  61 
Physical  Properties  of  Coal  Gas,  96 
Platinum  Molten,  VioUe's  Standard, 
48 
„        Wire  Standard,  Draper's, 
43 
Plummer,  on  Moonlight,  405 
Pole's,  Dr.,  Law,  189 
Polyphase  -  Alternating  •  current 
Motors,  868 
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Portable  Standard  Test  Meter,  285 
Potential,  882 

„        Difference  of,  889 
Preece,  Sir  William,  on  Illumina- 
tion, 404 

,.  „         the  Lux,  401 

Prepayment  Meters,  169 
Pressure  Gauge,  Gas  Referees',  B5 
Price  of  Coal  Gas,  114 
Progress   of  Electrical  Supply  of 

Bristol,  451 
Propane,  Calorific  Value  of,  819 

„        Illuminating    Value    of, 
107 
Propylene,  Calorific  Value  of,  8]  9 
Provisional  Orders,  520 
Public  Lamp  Meter,  288 


QUALITY  of  Coal  Gas,  115 
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RADIAL  Photometer,  64 
„        Photometry,  61 
Riulway  Carriage  Burners,  205 
Rates  for  Heating  Power,  454 
„    Lighting,  458 
„    Motive  Power,  454 
Ratstail  Burners,  Bray's,  208 
Reading  Town  Hall,  400 
Red  Heat,  105 

Reflectors,  Effect  of,  70, 405,  406 
Regenerative  Burners,  187,  212 
Regnault  Disc,  21 
Regulations,  Board  of  Trade,  Elec 

tricity,  501 
Regulator  Burners,  Bray's,  208 
Resistance,  891 

Examples  of,  886 
Unit  of,  882 
Ritchie  Photometer,  22,  84 
Rotary  Transformen,  878 
,  Rumford,  Count,  Photometer,  22 
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SALES  of  Gfi8  Aoi,  1869, 179 

Soott-Sndl  System,  247 

Segondo  de,  Mr.,  on  Arc  Lamps, 

418 
Self-inteiiBifying  Gas  Pressure,  246 
Sell-sftwiiiig  Motors,  868 
Series  System,  487 
Sluides,  Efbot  of,  71 
Siemens  and  Halske's   Selenium 

Photometer,  24 
Siemens*  Regenerative  Bomer,  186, 

212,  218,  216 
Silber's  Argand  Burners,  215,  216 

Kmmanoeand  Abady's  Calorimeter, 

828 
„  „        Torch-light- 

ing    Sys- 
tem, 298 

Single-phase  Alternating  Current, 
844 

Single -phase  Alternating -current 
Curye,  846 

Single -phase   Alternating -current 
Motor,  866 

Single* phase  Induction  Motors,  872 

Smith's,  Clifford,  Report  on  Light- 
ing, 808 

Smith,  Prof.  R.,  Antivibrator,  264 

Solenoid,  831 

Somz^e-Greyson  System,  238 

Sources  of  Light,  19 

South  London  Lamp,  242 

Special  Burners,  Bray's,  201 

Specific  Gravity  of  G^ses,  99 

Sperm  Lamp,  85 

Sperm,  Pounds  of,  per  Ton  of  Coal, 
105 

Spiral  Globe,  409 

Square  Roots,  Table  of,  408 

Star  Disc,  22 

Standards  of  Comparison,  25 

Standard  Flat-fiame  Burners,  205 

Standard     Parliamentary   Candle, 
26 
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Stookton-on-Tees,  428 
Stop-dook,  66 

Street-lighting  Table,  Sugg's,  297 
Sngg,  W.,  10-Candle  Test,  88 
Sugg's     Apparatus     for    Testing 
Governors,  278 
„     Argand  Burners,  196,  197, 

211 
„     Flat-flame  Burners  in  Lan- 
terns, 209 
„     Governed  Flat-flame  Bur- 
ners, 208 
„     Grouped  Burners  in  Lan- 
terns, 210 
„     Harwich  Antivibrator,  269 
High-pressure  Qta   Light- 
ing, 287,  248 
Illuminating-power   Meter, 

92 
Lamp  Governors,  270,  et  seq. 
„     Multi-ringed  Burners,  212 
„     Portable     Standard      Test 
Meter,  285 
Pressure    Increaser,     286, 

238 
Public  Lamp  Meter,  283 
Single  Flat- flame  Burners, 

206 
Standard    Argand    Burner, 

187, 195,  197 
Street  Lamps,  240 
Street-lighting  Table,  297 
Table-top  Burners,  205 
Travelling  Photometer,  74 
Sunlight  Burners,  203 
Switchboard,  Ferranti  Type,  466 
Syphons,  80 


TABLE  Photometer,  49 
Table-top  Burners,  Sugg's,  205 
"  Ten-candle  Test,"  Sugg's,  38 
Test,  the  Photometrical,  85 
Testing  Meters,  Official,  181 
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T«8iing  Photometrical  Apparatus, 
80 

Testing  Stations,  Positions  of,  86 

Thames      Embankment     Experi- 
ments, 8, 411 

Thomson,  Dr.  J.,  12,  421 

Thorium,  223 

Three-phase      Alternating-current 
Curve,  864 

Three-phase      Alternating- current 
Generator,  353 

Three- wire  System,  393 

Toluene,  Calorific  Value  of,  319 
„      Illuminating  Value  of,  107 

Torch  Lighting  and  Extinguishing, 
288 

Transformers,  374 

Trotter,  Mr.,  on  Illumination,  404 
„      on  Moonlight,  405 
„      on  Reflection,  406 

Trotter's  Photometer,  76 

Two-phase  Generator,  453 

Two-phase  Induction  Motors,  872 


UNGAR'S  Burners,  215 
Uniform  Continuous  Current,  360 
Unit,  Board  of  Trade,  424 
Units  of  Electricity,  Board  of  Trade, 
5 


VICTORIA  Lamp,  240 
Violle*8    Molten    Platinum    Stan- 
dard, 48 
Volt,  The,  888 

„    Measurement  of,  892 
Voltage,  Effect  of,  on  Incandescent 
Lamp,  418 
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Voltage,  Variation  of,  868,  875,  878 
Voltameter,  890 
Voltmeter,  890 

WABTHA,  Von,  Ether  Flame,  85 
Water  Gas,  180 
Watford,  429 
Wattmeter,  890 
Welsbach  *'  C  "  Burner,  225 
Welsbach-Kem  Antivibrator,  268 
Welsbach-Kern  High-pressure  Bur- 
ner, 280 
Welsbach  Mantle,  18,  221 

Mantle,  Cost  of  Light  by, 
424 

Mantles,     Deterioration 
of,  808 

Self  •  intensifying    Bur- 
ner, 281 
Wenham  Burner,  218J 
Westminster  Burner,  Sugg's,  209 
Wet  Meters,  79,  80, 162 
Wbeatstone's  Photometer,  22 
Wigan,  474 

WiUans'  Generators,  470 
Windsor  Lamp,  241 
Winsor,  Mr,,  9 
Wire,  Conducting,  386 
„    Size  of,  349,  374 
Wright,Lewis  T., Researches  by,  108 
Wurtz,  on  Air  in  Coal  Gas,  110 


YTTRIUM,  228 


ZINCKEN'S  Paraffin  Candle,  84 
Zirconium,  228 
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ORIGINAL    MAKERS. 


ESTABLISHED   1844. 


THOMAS  GLOVER  &  CO.,  Ld. 

six  Medals  KwaPded  lo  Thomas  Clover's  Patent  Dry  Gas  Melars. 

THE  HIGHEST  AWARD  FOR    DRV  QAS  METERS  AT  THE  PARIS 

EXHIBITION,  1867. 

SInca    than    w*    hav«    not    Exhibltsd    for    Priaea. 


PJt.a>E31«'T'       V«^W 


Improved  PREPAYMENT  METER 

Fop  Pennies, 

Shillingrs. 
or  any  coin. 

Simple 

In 

Mechanism.^ 

Positive 

In 
Results. 

Price 
Changer  In  J 

Situ. 

Guaranteed 

lor 
Five  Years.  J 

THOMAS  GLOVER  &  CO.,  Ld., 

Dry  Qas  Meter  Manufacturers, 

214-222,  ST.  JOHN  STREET,  CLERKEHWELL  GREEK,  LOHDOM,  E.C., 

BRISTOL  :  28,  Bath  Slreel.  Ti^Icpbguc  No,  lOM.  TcL  Adi 
BIRMINGHAM  :  ET  &  5S.  Broad  St..  &  CumberlMld  St.  Ta 
KANCUeSTER:   37,  Blackfrlars  SI.      Trir[ihoiic  N",  SSOS       Tc 


SCOTT   SNE:£.ri 

HIGH  PRESSURE  LAMP. 

Automatic  Action.        Self  Contained. 

The  ONLY  High   Pressure  Lamp. 


Easily 
Installed. 


High  Pressure  Llgliting  WITHOUT  the  aid  of 
COMPRESSORS  or  SPECIAL  MAINS. 

lUiFENSION  LmPS  FOR  INDOOR  IICRTIK,  FACTORIES,  i  WORKSHOPS. 

The  use  of  water  lor  cooling  purposes  is  dispensed  nitli.     Gas  is  retained 


SELF-INTENSIFYING  GAS  LAMP  CO.,  Ld. 

58.  VICTORIA  ST.,  WESTMINSTER,  LONDON,  S.W, 


OVER    eSO    MACHINES    IN    USE. 
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WELSBAGH 
SELF-INTENSIFYING 
KERN  BURNER 

Giving  a  Lighting  Efficiency  o< 

600  Candles  per  Burner 

With  about    20   Cubic  Feet  of  Gas  at 

ORDINARY    PRESSURE. 


Specially 
Suitable  for 

Lighting 
Large  Areas. 


Dispensing 
entirely  witli 

Auxiliary 

Compressing 

Plant. 


Welsbach  Incandescent  Gas  Light  Co., 


K^lmtCBd, 


YOItK   ST.,  WESHHINSTER.  LONDON.  S.W. 


PARKINSON  SND 
W.  6  B.  COWHN,  LD. 


rCOWAN  BRANCtlj. 


MANUFACTURERS   OP 


m  k  m  m  wm, 

station  Meters,  ■■ 

Station  Qovernors.     ^ 

APPARATUS  FOR  TBE  COWAN  PRESSURE  SYSTEM 


TESTING  QASHOLDERS  AND  TEST- 
METERS.   PRESSURE  AND  EXHAUST 
REGISTERS,  PRESSURE  QAUQES,  &c. 


SERVICE  CLEANSERS. 

Meters  for  Lamp  Pillars,  Footway  Meter  Boxes, 
and  other  Qas  Apparatus. 

PATENT  COIN-IN-THE-SLOT   METERS. 


SMITH    SQUARE   WORKS,    WESTMINSTER,    LONDON,    S.W. 

Telephone  No.  250  WflBtminatar. 

DALTON  STREET  WORKS,  NEWTOWN.  MANCHESTER. 

Telephone  No.  !64S, 

BUCCLEUCH  ST.  WORKS,   EDINBURGH.     Telepbone  No.  T63. 

COLONIAL  METER  WORKS,  Macquarie  Place,  SYDNEY,  N.8.W. 

Telephone  No.  2G30. 


SPECIAL  CODE  PURNIBHGO  ON 


GEORGE  ORmT^CO^ 

CBRANCH   OF    HETBRS,  LTD.)                                         ^^H 

Atlas  Meter  Works,         ^M 

a 

^    GAS     REGULATORS     H 
STREET  LAMPS.           H 

* ^^1 

USED    BY   AIL     THE                          ^^M 

CORPORATIONS  &  GAS  GOPANIES.      ■ 

1             Samples  and  Prices  upon             ^^^ 
^                       Application,                         ^^H 

L^ 

r              NflttoriAl  TeUphoR*  No   03.                                       ^H 
1                 Tel«sraphlc  Addrui:  "Orma,  Oldham."                ^^^ 

H.  GREENE  &  SON 

K^ONDON,    S.C. 

Qas  Lighting  Engineers  &  Contractor 


SURREV   ENOrNECRINO   WORKS.    BLACKFRIAR6.    &£. 


Oreene's    Patont 

CLIIVIBING    LIGHT 

"INSERTIO" 

derives  iti  name  from  the  moda  of 
(iperating  the  same.  Tbe  1iRht«d 
torch  is  ineectod  into  a  ojlindor 
containiitg  a  perforatecl  copper  tube 
atliKbed  to  the  gas  Buppij  b;  %  cock, 
nhiob  when  the  torch  toncbee  the 
tevec  in  cflinder  at  A,  Dot  011I7 
admits  Gaa  to  the  Climbing  Light, 
but  aiBo  to  thi-  burner,  and  in  aaoh  ■ 
maDiior  that  nhes  the  dame  reaohee 
the  top  of  the  tube  the  gas  aupply  to 
the  Climbing  Light  is  stitomaUully 
cut  of!  ^gain,  nhilat  the  burner  is  Ut, 
an  action  which  is  practically 
Instantaneous. 

When  the  burner  is  to  be  «ztlii- 
guisheil,  the  torch  merely  tooohM 
the  opposite  end  of  the  cracked  levee 
at  B.  The  annexed  lUustratioDS 
show  the  poBitioDE  of  the  lover,  froin 
which  it  will  be  eeen  that  to  light  B 
l&mp  the  torch  is  inserted  at  A,  and 
to  eitinguish  it.  requires  a  gellU« 
push  with  torch  at  B,  whiah  will 
place  the  lever  Into  \Xs  Orlclna] 
position,  ready  sxaln  for  re- 
llshttng:  when  required. 

The  Inaeptlo  ia  adaptable  to 
any  form  o[  Lamp,  to  tight  any 
number  of  burners,  by  one  ftottoB 
irom  the  outside  of  Lamp. 


Ah  lamps  fitted  with  our  Patent  ItlBeFUo  need  onlj  be  opened  _. . 
tile  purpose  of  cleaning  the  gl&SB.  the  protection  of  mfuitles  is  neoesSBiiny 
ensured,  and  a  good  many  saved  per  annuin,  whilst  at  the  aarae  time, 
flap-doora  being  done  away  with  entirely,  no  draaghts  or  acoidents  to 
mantles  through  touching  will  occur,  the  saving  is  very  considerable. 

Another  important  saving  is  the  oost  of  Gas  for  Bye-passeB,  the  latter 
being  abolished.     At  the  low  eatinate  of  one-third  onblo  foot  per  hour,  the 


saving  will  be  from  5B.  to  7b.  6(1.  (according  to  price  charged  for  Gas) 
per  annura  per  burner,  practically  saving  the  cost  of  the  Inaeptlo  i 
twelve  months  in  gaa  not  used. 

The  adoption  ol  oar  Patent  Apparatus  excludes  Wind,  Rain,  and 
Dnst  from  the  Lamp,  the  inside  gUie«a  keep  clean  much  longer,  and  are 
much  more  easily  cleaned,  as  there  are  no  Bye-pass  or  other  obstructions. 

Tho    Qas    /•    lit   IrtBtanlmnooumly   by   Lamp- 
llghlar'm    ofdinafy    torch. 

The  Insei^lO  is  in  use  in  many  towns,  and  lias  pnrvcd  a  neat 
Euooafli.     It  is  strongly  made  In  Brass  and  Copper  as  illustrated,  and  the 
CMt  complete  is  no  more  than  (he  coat  o(  an  ordinary  Lantem-oock  ai 
6  je-pasn  to  the  burner. 


L 


The  Paper  for 


SURVEYORS, 

MEDICAL  OFFICERS  OF  HEALTH, 

SANITARY   INSPECTORS, 


IS 


The  Sanitary  Record 

AND 

Journal  of  M unieipal  and  Sanitary  Enfflneerlng. 


IT  OOHTAIMS 


News  of  every  phase  of  Publio  Health  work  in  all 
parts  of  the  world. 


Annual  Subscription 


(which  MCurM  a  free  copy  of  the  SANITARY  RECORD  DIARY 
AND  YEAR  BOOK,  published  at  2t.  6d.  net.) 
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Sanitary  Law  and  Practice. 

A  Handbook  for  StudentH.  By  W.  ROBERTSON,  M.D.  (Olat.),  D.P.H., 
Mwlical  Officer  of  Health,  Leith,  and  CHAS.  PORTER,  M.D.  (Ed.),  B.Sc. 
(P.H.),  &c.,  Lecturer  on  Bacteriolog\',  Univer«ity  College,  Sheffield. 

{Shortly, 

Consumption. 

By  J.  EDWARD  SQUIRE,  M.D.  (Lend.),  D.P.H.  (Cwitab),  M.R.C.P , 
Physician  to  the  North  London  Hospital  for  Consumption  and  DiseaseM 
of  the  Chest  and  to  the  St.  Marylebone  General  Dispensary.  With  au 
Introduction  by  Sn  WILLIAM  BROADBENT,  Bart.,  M.D.,  F.R.C.P., 
fto.    Demy  Sto.     lOs.  6d. 

SYNOPSIS  OF  CONTENTS.— Part  I.  The  Etiology  of  Consumption.— 
Part  II.  The  Prevention  of  Consumption. — Part  IIL  Hygienic  or  Fresh 
Air  Treatment  of  Consumption. — Part  IV.  Clinical  UbserYations. — 
Pneumonia. 

Disinfection  and  the  Preservation  of  Food. 

Together  with  an  Account  of  the  Chemical  Substances  used  as  Antiseptics 
and  PreservatiTee.     By  SAMUEL  RIDEAL,  D.Sc.  (Lond.)  [1903. 

This  Edition  has  l>een  entirely  reprinted,  altei*ed,  and  revised,  with  tmch 
additions  ad  will  biing  the  Hubject  up  to  the  present  time.  The  enlarge- 
ment uf  the  section  on  Fo<kI  Preservativen  will  make  it  a  manual  of 
practical  value  to  thobe  engage<l  in  many  of  our  largest  traden  and 
in<lustrie8. 
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The  Duties  of  Local  Authorities  (County 
Boroughs,  Non-County  Boroughs,  Urban 
District  Councils,  and  Rural  District 
Councils)  under  the  Factory  and  Work- 
shop Act,  1901. 

By  JAMES  ROBERT  KAYE,  M.B.,  D.P.H.,  County  Medical  Officer  for  tht. 
West  RidiDg  of  Yorkshire.     Crown  8vo.,  28.  net. 

This  book  has  been  compiled  with  a  view  of  assistiug  Sauitary  Officers  and 
others  to  a  better  comprehension  of  their  duties  under  this  important  Act. 

Part  I.  sets  out  the  duties  of  Local  Authorities  under  the  several 
headings,  aud  indicates  (by  framed  marginal  notes  having  refenrnce  to 
Part  II.)  the  particular  clas«es  of  work  to  which  each  duty  is  to  be 
applied  by  the  District  Council. 

Part  II.  gives  briefly  the  practical  definitions  of  the  various  preoaiaeh 
to  which  the  Act  applies,  and  also  showa  what  duties  are  to  be  perfonneo 
by  Sanitary  Authorities  in  regard  to  each. 

Part  In.  contains  euggeetions  fur  books  to  be  kept  by  Sanitary 
Authorities  iu  order  to  effectually  carry  out  their  duties.  [1903 

Public  Lighting  by  Gas  and  Electricity, 

By  W.  J.  DIBDIN,  F.I.S.,  F.C.S.,  &c.,  formerly  Chemist  and  Super- 
intending Gai}  Examiner  to  tbe  London  Cmoty  Council  Author  of 
'•  The  Purifieatiou  of  Sewage  and  Watt?r,"  "Lime,  Mortar,  and  Cement." 
"  Practical  l*hott>metry,*'  Ac.  With  numerous  Illustratious,  Diagrami^, 
and  Tables.  Demy  8v<>.,  21h.  iier. 
The  ^ubjecl  matter  in  dealt  with  under  the  following  chapter  headings  : — 
Artificial  Light — Its  Source  and  Meaeureuient  —  Photometers — liadiai 
Phot^jmetry — Illuminating;  Value  of  Coal  Gas — Jet  Photometer — Phyaicai 
Pro|>ertie8  of  (Joal  Ga8— ('h^^lical  Componirion  of  Coal  Ga<» — Kurichuoei.t 
— Methods  of  Enrichment — C}a«  ^Meters — Cia^  Burners — Incandeifcent  Ga 
Lighting  —  Self -intensifying  Gas  Pressure  —  Anti-vitratorH  —  Lamp 
Governors  and  Average  Meter  System — Torch  Ligliting  and  Extinguishing 
—  Street  Lighting  Tables—  Efl'ects  of  Improved  Methods  of  Lighting  by  Ga> 
— Heating  Value  of  Cosl  (Jas — The  Generation  of  Dynamic  Eleotiicity  bv 
Mechanical  Means — Klectric  (iHticrators — Electromotors — Tr^n -* formers — 
Measurement  of  Cunent- -Distribution  of  Light — Efficiency  of  Arc  ant t 
Electric  Incandes^cent  Lamps — Comparison  of  Cost  and  Heating  Kffect  01 
Lighting  by  Gas  and  Electricity — Practical  Examples  of  Electiic  Lighting 
by  Diitct  aud  Alternating  ■  Current  Systems — Acetylene — Americaii 
Exj^erience. 
•  APPENDICES  :— Board  of  Trade  Regulations  as  to  Electricity  Supply. 
Electric  L-ghting  Acts,  18S2  to  L^lKi.  Provisional  Orders.  Table  foi 
Use  with  Circel  Lamp.  Table  for  Use  with  Candles.  Tables  I.  to  IV. — 
Public  Liiihlin^  in  England. 

The  IllustraMonN  ninnl»or  close  upon  one  hundred  and  fifty. 
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The  Drainage  of  Villages. 

By  IVILLI^M  RP1NK,S,  Amoc.  M.  Inn.  C.K.,  Member  of  the  Incor- 
punitcd  A>Bi'i:iBtiim  of  Municipal  uid  Ciiunij  EaHinecni  ;  Member  of 
Sanitary  Inaiitule  ;  Lecturer  ua  SBijit*r;  EuitiueeiiDg,  YurkHhire,  Colics, 
Vicloria  UniTOTBit;  :  Prraideiit  of  SkuiUry  EDgiDeoring  Sectioa  of  ths 
Brilith  IiwIitutB  -t  Public  Herith,  1895.  Cniwn  8vo.  li.  nat. 
SYNOPSIS  OF  CONTENTS.— P«rt  L— Swrulory  Powar»— Pollution  o( 
Slreams — In  rhM  ul  Failure  to  Provide  Schecnea — Existine  Seoers — 
Preaeut  Meana  of  Di»p<u->1  —  Compowtiou  uf  Sewage  —  S«lf- purifying 
Power  -f  River».  Part  IL— Areaa  ..f  Diitrict  to  be  Sewered— Power  to 
Enter  Priiale  Lauds — Wi-rka  widioui  Dial  rid  ^Spet^al  Drainage  Dia' 
tiivtt — Power  tu  Afcte  with  neighbouring  Auiboril;  to  take  uid  deal 
with  Sawage— Joiut  Sewerage  Buarda— lUinfall— The  Geological  Char»otor 
of  the  Diatrict — Pretenl  anit  Proepectivo  Number  of  luhabiiaiit* — Supplj 
of  Water— Saoitarj  Appliancea— Puaition  of  Outfall  Work*— Power  to 
Purcbaie  Luida — Bommiug  Fowera.  Part  IlL  —  Hequiremeuta  of  > 
Sewerage  Sjateio- Depth*— Qrndienta— Lin  ■■»— Sew  era  and  their  Jmnting 
-Mauholea— Flushing— Vontilation.  Part  IV.-So^.Bg<;  Dispoaal— Pun- 
Boat  ion  Ihrough  Uriii- Tank*— Sludge— Filtration. 

The  Food  Inspector's  Hand-book. 

By  FRANCIS  VACHER,  County  Medical  OfBoer  for  Cheahire. 

Third  Edition, Reviaed  and  Enlarged, with  Illustnwion..  Ciob „  Svo., 3t  6d. net. 

The  Author  has  no  doubt  that  tboae  uaing  the  book  will  god  the  Third 

Edition  an  improTCiuenC  ou  previoua  eilitioiu.     Hia  aim  baa  beeo  to 

make  it  a  sufficient  and  truatworlhy  guide  to  thute  engaged  in    Food 

InspecUon, 

Footpaths:  Their  flaintenance^  Construc- 
tion, and  Cost. 

By  A.  TAYLOR  ALI  EN',  C.K.,  Engineer  and  SuiTejor.  Portalade-on-Se*. 

With  IllusCrationa,  Diagrama,  Ac.     Crown  Sra,  ftd.  net. 

Thia    Uctle    hand-book    gives   the    mode    of    ConitrucUan    of    pavinga.    witli 

approximate  coat,  and  a  aynopeia  of  the  law  relating  to  eiiating  pavement*, 

ciauaes  for  HiiecificatioD,  model  form  of  teniler  and  apecimen  ijuaiitttiea,  kc 

A  Healthy  Home. 

By  FRANCIS  VACHEB.  County  MedleaJ  Offieer  for  Cheahire. 
Second  Kdition.  Fully  IHuatraced.  Crown  8vo..  2t.  M.  net 
CONTENTS.— Introduction— Si  !•— Soil- Aspect— Building  Material  —  Con- 
struotioo — Deaign  and  Qeneral  Arrangement — Vt'arming^ — Lighting — 
Ventilation- Hot  and  Cold  Water— Sanitary  Requiai tea— Decoration 
and  Furniture— Stftblea-Cowhoueea.Ac— How  to  Keep  the  Home  Clean 
—Obligation*  nf  Houaeholdera  and  Sanitary  Authority. 
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Illuminating  Power  of  Qas : 

A  Table  for  Ascertaining:  the  True   lUuminatinsr 
Power  of  Qas  Deduced  from^Pole's  Law* 

By  W.  J.  DIBDIN,  F.I.C.,  F.O.S.,  Ac. 

Imperial,  21 ».  net. 

Owing  to  the  diversity  of  opinion  which  has  been  widely  ezpreBsed  as  to  the 
correct  method  of  estimating  the  illuminating  power  of  gaeea,  Mr.  W.  J. 
Dibdin,  the  well-known  expert  on  gas-testing,  who  for  fifteen  years  held 
the  position  of  Superintending  Gas  Examiner  to  the  Metropolitan  Board 
of  Works  and  the  London  County  Council,  has  prepared  a  table  based  on 
the  law  enunciated  by  the  late  Dr.  Pole,  F.R  S.,  one  of  the  Metropolitan 
Qas  Referees,  by  means  of  which  the  true  illuminating  power  of  any 
gas  may  be  determined.  This  important  law  was  deduced  more  than 
thirty  years  ago,  but,  owing  to  its  complicated  character,  it  has  been 
little  understood,  and  considored  to  be  far  too  involved  to  render  it 
practicable  for  ordinary  use.  By  means  of  an  ingenious  arrangement, 
however,  Mr.  Dibdin's  table  indicates  almost  at  a  glance  the  tnie  illumi- 
nating power  of  practically  any  gas  with  the  same  facility  that  a  rule-of- 
three  calculation  is  made  on  the  slide  rule,  the  plutometrical  observationa 
involved  being  but  very  slightly  more  than  is  necessary  with  the  ordinary 
methods  now  in  use,  and  which  are  subjected  to  so  much  debate. 

The  table  is  applicable  for  any  gas,  whatever  the  illuminating  power,  provided 
the  standard  rate  of  consumption  is  the  usual  parliamentary  one  of  five 
cubic  feet  per  hour. 

The  table  is  printed  on  stiff  board,  protected  by  brass  rim  and  varnished,  and 
is  accompanied  by  a  descriptive  pamphlet  fully  explaining  the  law  ; 
the  table  calculated  therefrom,  with  a  number  of  illustrations  of  its 
working,  and  an  abstract  from  the  table,  which  is  suitable  for  directly 
reading  the  illuminating  values  of  gases,  such  as  are  ordinarily  met  with 
in  gasworks  practice,  in  a  manner  comparable  to  the  well-known  method 
of  ascertaining  the  "  Tabular  Number  "  for  correcting  the  volume  of  a  gaa 
and  standard  temperature  and  pressure. 

The  Sanitation  of  Domestic  Buildings. 

By  F.  LATHAM,  C.E.,  A-wisoant  Engineer  and   Surveyor,   Borough  of 
Margate.     With  Introduction  by  BALDWIN   LATHAM,  C.E.,  F.Q.S., 
F.R.M.S.,  Past- President  Society  of  Eogineers. 

Fully  Illustrated.     Crown  8vo.,  2d.  6d.  net 

Ckneral  Remarks — Drains — Section  of  Pipes — Junction  with  Drains — ^Soil 
Pipes — Ventilation  of  Drains — Traps  and  Gullies — Inspection  Cdambera — 
Internal  Sanitary  Fittings — Flushing  Apparatus — ^Sinks — Urinals — 
Drain  Testing — Baths  and  Lavatory  Basins,  kc. 
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By-Laws  as  to  House  Drainage  and  Sani- 
tary Fittings  made  by  the  London 
County  Council. 

AnnoUted  bj  0.  J.  JEKSKN,  C.E.,  Author  ol 
S»oitftry  Fitm-'iiM."  "Mudero  DruDttI«  Inepeclion 
Ac,  aad  ANOTHEH.  Illuatntad.  Crown  Stu.,  Su.  on.  nee 
TbU  AaDaMt?d  Bdician  will,  it  i*  hoped,  be  fouod  useful,  aot  nnty  ia  LiDdan 
but  Id  DrbkQ  dUtrictn  generallf .  As  the  bj-l>va  uf  tbsM  dutricti  are 
moat);  haxed  upon  the  Model  Bf-lawg  af  the  Local  QnTerDnieut  Hoard, 
and  are  tberefare  very  umilar  in  oharaoMr  and  wording  u>  Uiose  contained 
in  thii  vulume.  footuoteB  have  b»en  appended  nhere  the;  have  been 
found  to  difTer  materially. 

Modern  Drainage  Inspection  and  Sanitary 
Surveys. 

By  GERARD  J.  O.  JENSEN,  C.E.     Illu.trattd.    2a.  «d.  net. 

This  volume  Laa  beeu  mainly  CraDi«l  to  supply  a  much-uoeded  want  in  the 
shape  of  a  reliable  up-to-date  work  on  Drainage  laipectioo  aud  Sanitary 
Survpyin^  for  the  use  of  Btudeota  in  the  eiaminatioQi  in  Sanitar;  Scianoe 
held  b;  the  Sanitary  Institute,  the  laatitule  ol  tjanitAry  Eagioeen,  and 
other  eiaminiog  budiea.  At  the  wine  time  it  will  be  found  of  equkl 
value  to  thoae  more  advanced,  who  wiah  to  poueaa  a  retiiible  woii  of 
reference  on  the  maltem  of  which  the  author  treats. 

SraOPSI3  OF  CONTENTS —Chapter  I.  Introductory.— Chapter  II.  Teating 
Appwa tun, —Chapter  111.  The  Inapoctioo  of  the  Interior  uf  a  Home.— 
Chapter  IV.  The  Inepeution  of  the  Eiterior  of  a  House.- Chapler  V. 
Teeting.— Chdpter  VI.  Notea  and  Note-Books.— Chapter  VII.  Reporta 
— Chapter  VIII,     Superviaion  of  Atterationa,     Appeudii. 

House   Drainage  and   Sanitary   Fitments. 

By  GERARD  J.  Q.  JENSEN,  C.E-     Protuaely  Illu.lr»ted.     6a.  net. 

g  Drainage  are  herein  detuled  in  their 


Modern   House   Drainage,  Plans  and   Dia- 
grams. 

By  QERARD   J.   G.   JENSRN.  C.E..  Author  uf   ■' By-Uws  aa  to   House 
Drainage,"     " Houee    Drainage    and    Sanitary    FitmenU,"    "Sanitarj 

Inapectioii  Note  Book,"  ICa. 
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The  Zymotic   Enquiry   Book. 

By  J.  STORKY,  Siiiiitarj   InapwU*,  Xfliuwieb. 

Form  of  Deed  of  Covenant  as  to  Orainase 
of  Property. 

Speci«liy  preiwrei!  for  Pistriot  (J.mneiU.     Klault  epnoe  tnr  Plana.    9d. 

The     Preservation     of     Health    and     the 
Hygiene  of  the   Home. 


,>.PH.lCiinib.),   Phywi 
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Dangerous  Infectious  Diseases. 

By  Dr.  FRANCIS  VAGUER,  M.O.H.,  Cb.shiie. 

The    Prevention    of    Infection    in     Public 
Vehicles. 

By  ALFRED  Gt  KENWOOD,  M.D.,  Lh-B.,  Medio»l  Officer  <ii  Hrslth,  Otue 

The  object  of  tb'ut  work  hu  been  tu  deactibe  the  conditioDS  at  present  c 
in  public  Tehiclea  which  tend  to  spreul  dUeue,  ind   tu  make  i 
recoaimciidatioD*  which,  U  curiid  out,  »ould  improve  ihe  conditiou 
matertAlly. 

Lime,  Mortar,  and  Cement :    Their  Com- 
position and  Analysis. 


Will  prove  invaluBble  lo  Surveyors,  HuDicipal  Kaftinters.  Buildn«i  Oterin 
Work.,  fto. 

iDtroduction — Chi ractcris tics  of  varimu  Limea — CUy — Si 

«titut«s— Mortar  and  Cement— 'Fha  Setting  of  Murtur  and  C 

Rough  Technical  Tuts  of  Uorlar  without  Chemical  Analyoa— n 
Chemical  Atialyais  of  Lime,  Morlar,  Cement,  Ic— Typical  Aualyaea  i 
Uortar  and  Cement— Hecfaanical  Teata  ol  Cement—The  AduIterMiitD  ( 
Portland  Cement — The  Slrengtfa  of  Brick work^CoDcret* — ArtiCti 
Stone — Asphalt. 
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Digests  of  Public  Health  Case-Law. 

By  J.  K.  H.  STEPHRXS,  BarrLstar-atrLaw.      Svo.      31-.  net. 

Digest  of  Highways  Case-Law. 

By  J.  E.  K.  STEPHENS,  Baninter-icLuw,  Aulhor  of  "  Dig«t  of  Public 
HeiUh  Cue-Liw,"  fto.  S\-o.  21*.  net. 
Thii  work  contain*  in  full  all  the  principal  sialutM  relntiog  U>  Highwajg  and 
Bridge*  from  Magn*  CharU  down  to  Che  Locainotiie*  od  Higharaj*  Act, 
1868,  together  with  an  epitome  of  all  the  caae*  ilecided  id  the  High  Court 
from  the  eirliest  time*  down  to  Eaater  Term,  1903.  There  are  numeniiu 
croM  reference*,  and  a  complete  table  of  cue*  giviDB  the  page  on  which 
each  case  it  refened  to  in  the  bodj  of  the  bnok.  The  aubjecia  with 
which  the  caaea  deal  are  placed  in  alphabetical  order,  and  there  i*  in 
additioD  a  complete  index  to  all  the  matter  contaioed  in  the  book.  B; 
mean*  of  the  iodex  i^  will  be  eaay  tu  find  not  unly  all  the  caw*  dealing 
with  a  pHTticutar  point,  but  aUo  all  tlie/ectionB  «f  the  varinua  atatutet 
dealing  with  the  name  point.  No  nther  Digest  reeling  to  Highwaya  ha* 
ever  been  publiahed  an  the  tame  linea  as  the  present  one.  [1903 


The   Elements  of  Sanitary  Law. 


By  AIJL'K  K.VVKNHILL.  l*ctu 
AuHJO.  San.  Inai,  W'itli  loTroduct 
K.C.B.,  F.as,,  LL.D.     Second  E.li 
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Hand-book  of  Scotch  Sanitary  Law. 

By  THOa.  W,  SWASSON,     2*.  fid.  net. 
A  hand'book  of  the  Law  relatini;  to  the  Public  Health  of  Scotland.         {1002. 

The  Premier  Self-Instructor. 

Comprising:  Directions  as  to  Course  of  Study  and  How  to 
Pursue  It,  with  Questions  and  Answers ;  together  with  the 
necessary  Text  Books,  Three  Acts  of  Parliament  ibesldes 
those  included  In  the  Books),  and  Seven  Sets  of  Model 
By-laws. 

Trice  (including  Bockfl,  Ac.)  3£b.  6d, 
The  Counse  of  Stuily  luclutling  Question*  and  Anawera  aepatate,  lis.  6d.  net. 

Model  Answers  to  Questions, 


Set  by  ihe  Sai 
A  lery  handy  book  which  c\ 


lite  and  the  Sanitary  AMociatjon  of  Scotland, 
'rovm   8vo.     2«.  net. 

inut  fail  ti)  bs  uf  great  aerrice  to  atudenta  and 
re  given   to  mo*t  of  the  papeie  set  at  vaiiou* 
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The   Construction    of    Roads,    Paths,    and 

Sea  Defences. 

With  Portions  relating  to  Private  Street  Repairs,  Speclll' 
cation  Clauses,  Prices  tor  Est! matins:,  and  Engineer^ 
Replies  to  Queries. 

By  FKANK  LATHASI.  C.E„  Borough  Engineer  uid  Surveyor. 
liluHlrded  wilb  Tabulsr  SutemenU.    Crown  t!vi>.    7*.  Sd 

IntroducCiuD.  The  DBcessit;  of  Riiod  roule  for  Cractiun,  lino  of  nMdii*]^ 
Betting  out,  dtuDHge  Bud  cdreHnga  of  roada.  nndrolliDg,  atuni)- bre«]u[i^ 
paviog  viUi  wood,  Btuoe.  briuk,  utifidal  alaba,  kc.  Shurt  cliaptan  <  '  ~ 
deal  with  echVeagiDg.  wateriug,  and  euow  removal  frooi  ruadi. 
portiona  of  the  book  wbioh  probably  afford  the  greaWst  intereat 
those  ooDtsiuiiiK  new  malerial  on  su-walU,  wilh  illuili-atinua  of  wallial 
Penzance  and  Margate,  and  also  short  cbaptera  on  roxl  bridge*  and 
artificial  atone  planle.  .  .  .  Uaeful  speciliciklion  clauaee  on 
and  atreete,  sewere  and  seS-nalle,  sod  aJdo  a  l&hle  of  approumaU 
of  road  Diaterinle,  ntv  added  at  the  end  of  the  book,  and  in  ■  pocket  ia 
the  cover  is  a  tabulated  statement  of  deuiia  of  i  ' 
compiled  from  replies  of  vanoua  eneiueCTB  and  of  iote 
Tlio  book  will  pro»e  a  useful  addition  to  the  professional  library.      O** 

Ventilating,  Lighting,  and  Heating,  being 
Part  I.  of  Notes  on  Practical  Sanitary 
Science. 

By  WILLIAM  H.  MAXWELL,  Author   of  "Drainage  Work  and  SaniUuT 

FiiungB,"&<.     Prufunely  lllustraled.     Demy  Svo.    "■ 

''The  1-jok  will  nut  only  be  useful  to  candiiUtes 
alao  to  biiEy  men  in  prautice  who  desire  a  summary  of  I 
observed  in  carrying  uai  any  jsclmmes  uf  vt 

The  "Sanitary  Record"  Diary  and  Year 
Book. 

e:  —  Sinilary  l.^islnlioii  'if  pMt  Year  ;  Uaeful  Memoranda  for 
Sanitary  Engineers  and  Surveyor* ;  Directory  of  Qo»emmBnt  Depart- 
ments ;  Sanitary  and  AJlied  Auociations,  ke.  InMrlekved  throughoal 
with  Blutting  Paper.     Price  2a.  lid.     Cloth.  UiU. 

The  Sanitary  Record  and  Journal  of 
Sanitary  and  Municipal  Engineering, 

Vol.  XXXI.,  January,  1903— Jane,  1B03.    Cloth,  Oilt.     8a. 
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Diagrammettes,    Photozincograph    Reduc- 
tions from  Large  Diegrams. 

References  for  use  as  Studeuts 


WUh    Brief    Descriptlv. 
Notes  and  Sketches. 

By  W.  H.  KNIGHT.    ThirH   K-iitiou. 


Ill  > 


[IIMW' 


Calculation  of  Areas,  Cubic  Space,  &c., 
being  Part  II.  of  Notes  on  Practical 
Sanitary  Science. 

i:  By  WILLIAM  H.  MAXWELL,  Author  of  "  Dmiusga  Work  knd  S»iiit»ry 
Fitliugi),"  Ac.  Witti  Nuiueruus  Di»gnims.  Dem;  Stu.  2a.  ael. 
"  The  '  NoCsa  '  will,  we  beltsvB,  be  found  tu  be  uf  use  to  eogiaeera  and 
■urveyori  in  practice,  beioR  prepared  in  a  oonciBe  form  anil  of  readf  reference. 
Some  of  th<>  maBt  imporUQt  theariea  aa  demoaatnted  to  Kuclid  *re  given,  and 
k  paHiDg  reference  ia  mnde  to  tlie  use  of  TrigoDometij  end  Liipiarithmn.  The 
oaacludmg  chapter  treats  of  the  calculatjoo  of  quinbiCiex  of  earlbwork." 

The  Sanitary  Engineer's  Pocket  Book. 

Compiled  by  E.  A.  HAXi>FtlHI)  KAWCRTT,  A.M.I.C.K,,  Mem.  .Sun.  Inst. 
For  the  Uae  of  Sanitary  Eagioeera  ftad  Expert!  in  Riunining,  Testing,  and 
Reporting  on  the  Drainage.  Water  Supply,  ami  General  .SautUry  Cun- 

4c.  Ac.     Leather   Binding,    witb 


ditioD  of  Prembed, 

OoBtkiue  100  Report  Forma,  witl 
Eleetic  Band. 

Ii  indei 

74  « 

Sanitary  Inspection    Note   Book 

(For  Sanitary  Engineeri  anrl  Surveyon  and  Inapeotora  of  Nui»»nce«]. 

Osmpiled  by  OERAHO  J.  Q.  JENSEN.  O.E.,  Author  of  "Modem  Drunase 

Ingpection  and  Sanitary  Surreya,"  Jfcc.  Ac.     6^  x  i.     It.  iwti 

The  Sanitary  Inspector's  Quide. 

By  H.  LEMOINSON-CANNON. 
Crown  8to.     3h.  6d.  net. 

The  Utilisation  of  Sewage  Sludge. 

y  Profewor  W.  B.  BOTTOMLEY,  M.A.     Paprr  oorer.    6d.  net. 
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Local    Qovernment   Board    Requirements. 
Sewage  Disposal  Scliemes. 

By  S.  U.  ADAMS.     24.  6d.  net. 

.Tlie  Purification  of  Sewage  and   Water. 

By  W.  J.  DIBDIN,  F.I.C.,  F.C.S.,  &c,  formerly  Chemist  to  the 

Lonaou  County  Council. 

Third  Edition.   Re-written  and  considerably  Enlarged.   With  additional  Tablei, 
lUiiitrationH  and  Diagrams.     Demy  8vo.     21  a.  net.     Just  Publiahed. 

SYNOPSIS  OF  CONTENTS.— Introduction.— Chapter  L  General  Con- 
siderations— Chapter  II.  Aotiseptice,  or  Preservation  for  Limited 
Periods  ;  Bacteriological  Methods.  Chapter  III.  Precipitation. — 
Chapter  IV.  Experiments  at  Maspachusetts  and  London. — Chapter  V. 
Sutton  Experiments.  —  Chapter  VI.  The  Septic  Tank  and  other 
Systems.  Chapter  VII.  Land  Treatment  t'.  Bacteria  Beds.— Chapter 
VIII.  Manchester  Experiments. — Chapter  IX.  Leeds  Experiments. — 
Chapter  X.  The  Bacterial  Treatment  of  Factory  Refuse.— -Chapter  XI. 
Screening.— Chapter  XII.  The  Purificition  of  the  Thames.  -Chapter 
XIII.  The  Discharge  of  Sewage  into  Sea-water.— Chapter  XIV.  The 
Filtration  «if  Potable  Water.— Chapter  XV.  Systematic  Examination  of 
Potable  Watei^-Chapter  XVI.  The  Character  of  the  London  Water 
Supply.— Chapter  XVII.  The  Action  of  Soft  Water  upon  Lead.— 
Chapter  XVIII.  The  Absorption  of  Atmospheric  Oxygen  by  Water.— 
Chapter  XIX.  Analyses  and  their  Interpretation.  —  Chapter  XX. 
Ventilation  and  Deodorisation  of  Sewers.- Chapter  XXI.  The  Royal 
CommiKsion  on  Sewage  Disposal. — Appendices.  (I.)  Examination  for 
Matters  in  Suspension.     (IL)  Dissolved  Oxygen.  [1903. 

Sewage  Works  Analyses. 

By  S.  J.  FOWLER.  M.Sc.  (Vict.),  F.I.C. 
Illustrated.     Crown  8vo.     68.  net. 

Tlie  Effective  Dispersion  of  Noxious  Gases 
in  Sewers  and  Drains. 

By  FRANK   LATHAM,   C.K.,  Borough  Engineer  and   Surveyor,   Penaance, 
Author  of  "  The  Sanitation  of  Domestic  Buildings." 

Pa|>er  cover.     6d.  net. 

Tlie  Purification  of  Sewage  by  Bacteria. 

By  ARTHUR  J.  MARTIN,  Assoc.  M.  Inst.  C.E. 

Fourth  Edition.     Paper  cover.     6d.  net.  [1908. 
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The  riodern   Treatment  of  Sewage. 

The    Preparation    of    Schemes,    Laying    of    Sewers,    ar.d 
Sewage  DisposaL 

By  H.  C.  H.  SHENTON,  M.S.E.     Illustrated.     Crowm  8vo.     28.  6d.  net. 

The  Full  Solution  of  the  Sewage  Problem. 

Being    the    Presidential    Address   to    the    Association   of 
Managers  of  Sewage  Disposal  Works  at  Carshalton,  March 

j8th,   1903. 

By  W.  D.  SCOTT  MONCRIEFF.  [190  . 

Sewage  and  the  Bacterial  Purification  of 
Sewage. 

By  S.  RIDEAL,  D.Sc.  (Lond.),  &c.,  Author  of  "  Water  and  lU  Purification," 

and  '*  Disiofection  and  Disinfectante." 

Second  Edition.     Revised  Throughout.     Illustrated.     8to.     148.  net. 

Practical  Smoke  Prevention. 

By  W.  NICHOLSON,  Smoke  Inspector,  Sheffield. 

Crown  8vo.     34.  6d.  net. 

CONTENTS. — Colours  and  Densities  of  Smoke — Smoke  from  Private  Dwelling 
House  Chimneys — Black  Smoke  from  Steam  Boilers — Certain  Cures — Air 
in  the  Furnace — Smoke  -  preventing  Appliances — Black  Smoke  from 
Metallurgical  Furnaces — Special  Furnaces — Mechanism  to  the  Use  of  Man 
— Qas-fired  Furnaces — Low  Chimneys — General  Conclusions.  [1902. 

The  Student's  Guide  to   Success  in   Sani- 
tary Inspectors'  Examinations. 

By  MATTHEW  CHAPMAN,  Sanitary  Inspector,  Grimiby. 

Fully  Illustrated.     Paj)er  cover.     1h.  6d.  net. 

This  little  work  conveys  in  a  compact  and  concise  form  a  wealth  of  useful 
information  to  the  student.  It  not  only  gives  model  questions,  but 
explains  the  best  mode  of  answering,  and  when  necessary,  of  illustrating 
them.  As  a  supplementary  volume  to  the  standard  text- books,  such  as 
Reid's  and  Taylor's,  it  will  be  found  invaluable,  as  it  shows  at  a  glance 
how  to  put  the  knowledge  gained  from  these  works  into  answers  suitable 
for  examiners. 

Examinations  for  Local  Surveyors. 

Questions  with  Answers.     Paper  cover.     6d.  net. 
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The  Removal  and  Disposal  of  Town  Refuse. 

By  WILLIAM  U.  MAXWELL,  C.E.,  Aanitont  Engineer  and  Surveyor 
to  the  Urban  Dutrict  Council,  Leyton,  K 

Demy  8vo.,  nearly  400  pagea.     Fully  Illustrated   throughout.      16a.  net. 

Postage  5d. 

ABRIDGED  SYNOPSIS  OF  CONTENTS. 

Chapter  I. — A  detailed  risum^  of  the  law  bearing  upon  the  subject.  By-laws 
of  Local  Qovemment  Board,  London  County  Council,  kc  The  ScaTeng- 
ing  and  Cleantting  of  Streets.  Disposal  of  Street  Refuse.  Street 
Watering. 

Chapter  II. — House  Refuse  :  Its  Collection  and  Ultimate  DispoeaL  Definition 
of  Refuse :  Its  Composition,  Quantity,  kc  Temporary  Storage  of 
Refuse.     Collection  of  Refuse. 

Chapter  III. — The  Removal  of  Excreta — Full  Descriptions  of  all  Methods 
Employed. 

Chapter  IV. — Disposal  of  Town  Refuse — Full  Descriptions  of  the  Tarious 
Methods  in  Use. 

Chapter  V. — Refuse  Destructors — Detailed  and  Illustrated  Descriptions  of  all 
Types  of  Furnaces,  with  tneir  Merits,  Defects,  &c. 

Chapter  VI. — Destructor  Accessories  —  Cremators,  Carboniser,  Charging 
Apparatus,  Fire  Bars,  &;c. 

Chapter  VII. — (yeneral  Observations  on  Refuse  Destructors — Cost  of  Construc- 
tion, Cost  of  Working,  Value  of  Town  Refuse  for  Power  Production, 
Duty  per  Cell,  \mount  of  Residuum  and  its  Uses,  Manufacture  of 
P'lagging,  Nuisance  from  Destructors,  &c. 

Chapter  VIII. — Chimneys — Construction  of  Tall  Chimneys,  their  Stability,  &c. 

Chapter  IX. — Wat«r-tube  Boilers. 

Chapter  X. — Refube  Disposal  and  Destructor  Installations  of  various  Towns — 
Detailed  and  fully  Illustrated  Descriptions  of  the  Installations  and 
Working  Results  of  about  120  Refuse  Destructors  throughout  the 
Country. 

Chapter  XI. — Thermal  Storage — Necessity  for  Storage  of  Energy,  Methods  of 
St  raj^e,  Mr.  Dniitt  Halpin's  System  of  Thermal  Storage,  Practical 
Installation  of  System,  Thermo- Dynamic  Aspect  of  Thermal  Storage,  kc. 
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TJME-SAVIN'G  BOOKS  FOR  THE  USE  OF  MUNICIPAL  OFFICERS. 

The  Register  of  Letters  Received,  and  the 
Office  Call  Book. 

The  nae  of  eftch  book  U  foolacap  folio,  aod  they  are  ptrongly  bound  in  half 
leather  with  cloth  rides,  the  leaves  consisting  of  strong  ledfper  paper. 
Each  book  contains  200  pages,  and  each  page  is  ruled  and  headed.  The 
Register  of  Letters  Received,  for  dates,  names,  and  addresses  ;  and  the 
Office  Call  Book  for  name  of  caller,  from  whom,  and  on  what  businw 
The  price  is  12s.  6d.  each.  [1903. 

Books  and  Book-Keeping  in  a  Public  Health 
Department. 

By  ALBERT  TAYLOR,  Author  of  the  "  Sanitary  Inspectors'  Hand-book." 

11  X  8}.     Paper  covers,  Is.  net    Cloth,  Is.  6d.  net.  [1903 

A  List  of  Books,  Notices,  and  Forms  kept  in  a  Public  Health  Department 
together  with  Specimen  Pages  of  the  most  important  of  them. 

Tables  of    Flow  in   Circular   Sewers   and 
Pipes. 

Bv  J.  P.  DALTON.     6d.  net. 

Rural  Water  Supplies. 

By  J.  C.  RUSSELL  McLEAN,  M.D.,  M.Ch  ,  D.P.H.,  Fellow  of  Royal  Institute 
of  Public  Health,  Medical  Officer  of  Health,  Doncaster  Rural  and  Ticknell 
Urban  Districts.     Is.  net. 

Li  this  work  the  author  deals  concisely,  and  in  a  practical  manner,  with  the 
important  subject  of  Rural  Water  Supply  in  its  various  phases,  viz.  : — 
Purity  of  Atmosphere,  Catchment  Area,  Suitable  Conducting  Channels, 
Adequate  Storage,  Filtration,  Upland  Surface  Water,  Streams  and  Rivers, 
Springs  and  Wells. 

The  information  in  its  pages,  which  is  based  on  a  Urge  experience,  will 
be  found  of  great  value  to  Rural  Authorities  seeking  a  reliable  guide, 
and  desiring  to  avoid  or  overcome  the  evils  resulting  from  unwholesome 
and  polluted  water  supply. 

Some  useful  legal  extracts  regarding  the  Water  Supply  of  Rural  Districts 
are  appended .  f 1 ^03. 
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West  Riding  of   Yorkshire   Sanitary  Lec- 
tures. 

This  important  seriea  of  Lectures  on  Sanitmtion  to  the  Health   OfiBoer*  of 
Yorkshire  (West  Riding)  in  pamphlet  form,  6d.  each. 

No.  L— Nuisances  and  Methods  of  Inspection.    By  SPOTTIS- 

WuODE  CAJiERON,  M.D  ,  B.Sc.,  Medical  Officer  of  Uealtti,  Leeds. 

Mo.  2.— Infectious  Diseases,  Disinfection,  Ventilation.    By 

W.  ARNOLD  EVaNS,  M.I) ,  D.P.H.,  M-dical  Officer  of  Health,  Bradford. 

No.  3.- Sanitary  Law  (A):  The  Public  Health  Act,  1875, 
and  the  Model  By-Laws  thereunder.    By  Trevor  Edwards, 

Wc8t  Riding  Solicitor. 

No.  ^.-Sanitary  Law  (B).    By  Joseph  pfiestley,  b.a.. 

M.D.,  D.P.H. 

No.   5.  —  Water    Supplies ;    Domestic   Plumbing.      By    J. 

MITCHELL  WILSON,  M.D.,  Medic*!  Orticer  ti  Health,  D..n.a*ier. 

No.  8.- Scavenging  and  Refuse   Disposal;  Smoke   Abate- 
ment.    By  W.  L.  HUNTEK,  M.D  ,  Medical  Officer  of  Health,  Pudaey. 

No.   10.— Sanitary  Inspectors*  Work   (General  and  R«capitu 

latory;.     By  J.  K.  KAYE,  M.D ,  Medical  Officer  to  the  We«t  Riding  County 
Council. 
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